Comparative Cranial Myology of North American Natricine Snakes. by Varkey, Alexander
Louisiana State University
LSU Digital Commons
LSU Historical Dissertations and Theses Graduate School
1973
Comparative Cranial Myology of North American
Natricine Snakes.
Alexander Varkey
Louisiana State University and Agricultural & Mechanical College
Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool_disstheses
This Dissertation is brought to you for free and open access by the Graduate School at LSU Digital Commons. It has been accepted for inclusion in
LSU Historical Dissertations and Theses by an authorized administrator of LSU Digital Commons. For more information, please contact
gradetd@lsu.edu.
Recommended Citation




This material was produced from a microfilm copy of the original document. While 
the most advanced technological means to photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the original
submitted.
The following explanation of techniques is provided to  help you understand 
markings or patterns which may appear on this reproduction.
1.The sign or “target" for pages apparently lacking from die document, 
photographed is "Missing Page(s)". If  it  was possible to  obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting thru an image and duplicating adjacent 
pages to insure you complete continuity.
2. When an image on the film is obliterated with a large round black mark, it 
is an indication that die photographer suspected that the copy may have 
moved during exposure and thus cause a blurred image. You will find a 
good image of the page in the adjacent frame.
3. When a map, drawing or chart, etc., was part of the material being 
photographed the photographer followed a definite method in 
"sectioning" the material. It  is customary to begin photoing at the upper 
left hand corner of a large sheet and to continue photoing from left to 
right in equal sections with a small overlap, if  necessary, sectioning, is 
continued again -  beginning below the first row and continuing on until
complete.
4. The majority of users indicate that the textual content is of greatest value, 
however, a somewhat higher quality reproduction could be made from 
"photographs" if essential to the understanding of the dissertation. Silver 
prints of "photographs" may be ordered at additional charge by writing 
the Order Department, giving the catalog number, title, author and 
specific pages you wish reproduced.




300 North Zeeb Road
Ann Arbor, Michigan 48106
73-27,877
VARKEY, Alexander, 1934- 
CCMPARATIVE CRANIAL MYOLOGY OF NORTH 
AMERICAN NATRICINE SNAKES.
The Louisiana State University and Agricultural
and Mechanical College, Ph.D., 1973
Zoology




THIS DISSERTATION HAS BEEN MTflRDFTTMFn P Y A P T T V  a q  D c r n r iT C n
Comparative Cranial Myology of North American 
Natricine Snakes
A Dissertation
Submitted to the Graduate Faculty of the 
Louisiana State University and 
Agricultural and Mechanical College 
in partial fulfillment of the 
requirements for the degree of 
Doctor of Philosophy
in
The Department of Zoology and Physiology
by
Alexander Varkey
B.Sc., University of Kerala, 1955 
M.Sc., University of Agra, 1958 
May, 1973
ACKNOWLEDGEMENTS
During the course of this study I have been aided by a number 
of people. First of all, my sincerest thanks go to Dr. Douglas A. 
Rossman, my major professor, for suggesting this problem, for his 
continuing guidance, for providing me with specimens from the Loui­
siana State University Museum of Zoology, for assistance in the field, 
and for his critical readin6 of this manuscript. I also like to 
thank the other members of my advisory committee, Dr. Walter J.
Harman, Dr. George H. Lowery Jr., Dr. Blanche Jackson, and Dr.
Kenneth C. Corkum for offering helpful suggestions.
I wish to thank my fellow graduate students, Donald C. Morizot 
and W. Gary Eberle, for their help in the field. I am grateful to 
the following individuals for providing me with specimens of some 
difficult-to-obtain species: Dr. C. J. McCoy (Carnegie Museum),
Dr. Sherman A. Minton (Indiana University Medical Center), Dr. Max
A. Nickerson (Milwaukee Public Museum), George R. Pisani (University 
of Kansas Museum of Natural History), Richard Thomas (Louisiana State 
University Museum of Zoology), and Dr. Richard G. Zweifel (American 
Museum of Natural History).
Funds for a collecting trip to Mexico were provided by the 
Louisiana State University Graduate Research Council, Department of 
Zoology and Physiology, and the Museum of Zoology. I want to thank
11
Dr. Walter J. Harman and Dr. George H. Lowery Jr., for helping to 
secure these funds. I would like to express my gratitude to Dr. J. 
Harvey Roberts for photographic assistance.
Finally, my sincerest thanks and appreciation go to my wife, 





MATERIALS AND METHODS......................................  3
CRANIAL MUSCULATURE OF Natrix cyclopion...................  11
VARIATION IN CRANIAL MUSCULATURE OF NORTH AMERICAN
NATRICINE SNAKES................     34
I. TRIGEMINAL MUSCULATURE.........................  35
A. ADDUCTORES MANDIBULAE  ........... 35
B. CONSTRICTORES DORSALES...................  48
C. CONSTRICTORES VENTRALES .................  51
II. FACIAL MUSCULATURE..............................  55
III. HYPOBRANCHIAL-SPINAL MUSCULATURE...............  64
GLOSSO-TRACHEAL MUSCLES................. 64
CERVICAL MUSCLES.........................  65
DISCUSSION AND CONCLUSIONS ................................  70
LITERATURE CITED ........................................... 286
APPENDICES................................................. 290
APPENDIX A ............................................  291
APPENDIX B ............................................  316
APPENDIX C ............................................  326




A. Distribution of 24 characters among the North
American natricine snakes.........................  81
B. Percentage of shared character states among the
North American natricine genera...................  85
I. Variation in relative width of the adductores 
mandibulae expressed as a per cent of various
skull dimensions..................................  292
II. Variation in relative width of the constrlctores 
dorsales expressed as a per cent of various
skull dimensions...........................   301
III. Variation in relative width of the constrlctores 
ventrales expressed as a per cent of the length
of the compound b o n e .........................    304
IV. Variation in relative width of the facial
musculature expressed as a per cent of various
skull dimensions...................................... 310
V. Variation in relative width of the M. constrictor
colli and cervical musculature expressed as a per
cent of various skull dimensions ..................... 313
VI. Variation in relative width of cranial muscles 
expressed as a per cent of various skull dimen­
sions in juvenile and adult...........................  320
C. Distribution of 24 characters among some Old




KEY TO ABBREVIATIONS  ...........................  95
NUMBER
1. Dorsal view (3X) of the skull of Natrix
cyclopion............................................  100
2. Ventral view (3X) of the skull of Natrix
cyclopion............................................  102
3. Lateral view (3X) of the skull of Natrix
cyclopion............................................. 104
4. Left lateral view (3X) of the innervation of
cranial musculature of Natrix cyclopion ............. 106
5. Ventral view (6X) of the roof of the buccal 
cavity, posterior to the internal nares, of 
Natrix cyclopion showing the innervation of
cranial'musculature ..................................  108
6. Left lateral view (6X) of the innervation of
the cranial musculature of Regina grahamii. ........  110
7. Diagrammatic representation of the M. add. ext. 
superflcialis of Natrix.............................. 112
8. Diagrammatic representation of the M. add. ext.
superficialis of R e g i n a .............................. 114
9. Diagrammatic representation of the M. add. ext.
superficialis of North American natricine taxa. . . . 116
10. Dorsal view (3X) of the superficial cranial
muscles of Natrix cyclopion .........................  118
vi
NUMBER PAGE
11. Dorsal view (6X) of the superficial cranial
muscles of Regina grahamii .......................
12. Dorsal view (5X) of the superficial cranial
muscles of Thamnophis couchii.....................
13. Dorsal view (7X) of the superficial cranial
muscles of Tropidoclonion lineatum ...............
14. Dorsal view (6X) of the superficial cranial
muscles of Adelophis foxi.........................
15. Dorsal view (6X) of the superficial cranial
muscles of Storeria dekayi . . . . . . . . . . . .  128
16. Dorsal view (9X) of the superficial cranial
muscles of Virginia striatula.....................  130
17. Dorsal view (6X) of the superficial cranial
muscles of Seminatrix pygaea .....................
18. Dorsal view (6X) of the superficial cranial ^
muscles of Clonophis kirtlandii...................
19. Left lateral view (3X) of the superficial
cranial muscles of Natrix cyclopion. .............
20. Left lateral view (6X) of the superficial
cranial muscles of Regina grahamii . . . . . . . .
21. Left lateral view (5X) of the superficial
cranial muscles of Thamnophis couchii............. 140
22. Left lateral view (7X) of the superficial
cranial muscles of Tropidoclonion lineatum . . . .  142
23. Left lateral view (6X) of the superficial
cranial muscles of Adelophis foxi.................  144
24. Left lateral view (5X) of the superficial
cranial muscles of Storeria dekayi ............. • 146
25. Left lateral view (9X) of the superficial
cranial muscles of Virginia striatula............. 148
26. Left lateral view (6X) of the superficial
cranial muscles of Seminatrix pygaea............   150
vii
NUMBER PAGE
27. Left lateral view (6X) of the superficial
cranial muscles of Clonophis kirtlandii..............  152
28. Dorsal view (5X) of the posterior region of 
the skull and the anterior region of the 
vertebral column showing the attached muscles 
in Natrix cyclopion................................ 154
29. Dorsal view (6X) of the posterior region of 
the skull and the anterior region of the 
vertebral column showing the attached muscles 
in Natrix erythrogaster...........................  156
30. Dorsal view (6X) of the posterior region of
the skull and the anterior region of the verte­
bral column showing the attached muscles in 
Natrix fasciata....................................  158
31. Dorsal view (10X) of the posterior region of
the skull and the anterior region of the verte­
bral column showing the attached muscles in 
Natrix barteri .  ................................ 160
32. Dorsal view (6X) of the posterior region of the 
skull and the anterior region of the vertebral 
column showing the attached muscles in Natrix 
rhombifera........................................  162
33. Dorsal view (4X) of the posterior region of the 
skull and the anterior region of the vertebral 
column showing the attached muscles in Natrix 
sipedon............................................   164
34. Dorsal view (6X) of the posterior region of the 
skull and the anterior region of the vertebral 
column showing the attached muscles in Natrix 
taxispilota.........................    166
35. Dorsal view (6X) of the posterior region of the 
skull and the anterior region of the vertebral 
column showing the attached muscles in Natrix 
valida............................................  168
36. Dorsal view (7X) of the posterior region of the 
skull. and the anterior region of the vertebral 




37. Dorsal view (8X) of the posterior region of the 
skull and the anterior region of the vertebral 
column showing the attached muscles in Regina
grahamii..............................................  172
38. Dorsal view (8X) of the posterior region of the 
skull and the anterior region of the vertebral 
column showing the attached muscles in Regina
rigida................................................  174
39. Dorsal view (10X) of the posterior region of the 
skull and the anterior region of the vertebral 
column showing the attached muscles in Regina 
septemvittata......................................  176
40. Dorsal view (13X) of the posterior region of the 
skull and the anterior region of the vertebral 
column showing the attached muscles in Thamnophis 
brachy stoma........................................  178
41. Dorsal view (13X) of the posterior region of the 
skull and the anterior region of the vertebral 
column showing the attached muscles in Thamnophis 
butleri.  ................    180
42. Dorsal view (9X) of the posterior region of the 
skull and the anterior region of the vertebral 
column showing the attached muscles in Thamnophis 
chrysocephalus  .............................. 182
43. Dorsal view (6X) of the posterior region of the 
skull and the anterior region of the vertebral 
column showing the attached muscles in Thamnophis 
couchii............................................. 184.
44. Dorsal view (10X) of the posterior region of the 
skull and the anterior region of the vertebral 
column showing the attached muscles in Thamnophis 
cyrtopsls..........................................  186
45. Dorsal view (9X) of the posterior region of the 
skull and the anterior region of the vertebral 
column showing the attached muscles in Thamnophis 
elegans...............................    188
ix
NUMBER PAGE
46. Dorsal view (8X) of the posterior region of the 
skull and the anterior region of the vertebral 
column showing the attached muscles in Thamnophis
eques......................................  190
47. Dorsal view (11X) of the posterior region of the 
skull and the anterior region of the vertebral 
column showing the attached muscles in Thamnophis
godmani.................................    192
48. Dorsal view (12X) of the posterior region of the 
skull and the anterior region of the vertebral 
column showing the attached muscles in Thamnophis 
marcianus........................................... 194
49. Dorsal view (11X) of the posterior region of the 
skull and the anterior region of the vertebral 
column showing the attached muscles in Thamnophis 
melanogaster ......................................  196
50. Dorsal view (10X) of the posterior region of the 
skull and the anterior region of the vertebral 
column showing the attached muscles in Thamnophis 
nigronuchalis......................................  198
51. Dorsal view (9X) of the posterior region of the 
skull and the anterior region of the vertebral 
column showing the attached muscles in Thamnophis 
ordinoides........................................  200
.52. Dorsal view (9X) of the posterior region of the 
skull and the anterior region of the vertebral 
column showing the attached muscles in Thamnophis 
proximus........................................... 202
53. Dorsal view (9X) of the posterior region of the 
skull and the anterior region of the vertebral 
column showing the attached muscles in Thamnophis 
radix........................................   204
54. Dorsal view (12X) of the posterior region of the 
skull and the anterior region of the vertebral 




55. Dorsal view (13X) of the posterior region of the 
skull and the anterior region of the vertebral 
column showing the attached muscles In Thamnophis 
saurltus..............................................  208
56. Dorsal view (11X) of the posterior region of the 
skull and the anterior region of the vertebral 
column showing the attached muscles in Thamnophis 
scalarls..............................................  210
57. Dorsal view (9X) of the posterior region of the 
skull and the anterior region of the vertebral 
column showing the attached muscles in Thamnophis 
slrtalis  .............................   212
58. Dorsal view (10X) of the posterior region of the 
skull and the anterior region of the vertebral 
column showing the attached muscles in Thamnophis 
sumichrasti........................................  214
59. Dorsal view (16X) of the posterior region of the 
skull and the anterior region of the vertebral 
column showing the attached muscles in Tropi­
doclonion lineatum....................  216
60. Dorsal view (16X) of the posterior region of the 
skull and the anterior region of the vertebral 
column showing the attached muscles in Adelophis
f o x i ............................................... 218
61. Dorsal view (15X) of the posterior region of the 
skull and the anterior region of the vertebral 
column showing the attached muscles in Storeria
dekayi............    220
62. Dorsal view (13X) of the posterior region of the 
skull and the anterior region of the vertebral 
column showing the attached muscles in Storeria 
occipitomaculata...............................   222
63. Dorsal view (12X) of the posterior region of the 
skull and the anterior region of the vertebral 




64. Dorsal view (14X) of the posterior region of the 
skull and the anterior region of the vertebral 
column showing the attached muscles in Virginia
valeriae . . . . . .  .............................. 226
65. Dorsal view (15X) of the posterior region of the 
skull and the anterior region of the vertebral 
column showing the attached muscles in Semi­
natrix pygaea. . . . . . . .  .....................  228
66. Dorsal view (13X) of the posterior region of the 
skull and the anterior region of the vertebral 
column showing the attached muscles in Clonophis 
kirtlandii........................................  2 30
67. Ventral view (3X) of the dorsal constrictors of
Natrix cyclopion .................................. 232
68. Ventral view (6X) of the dorsal constrictors of
Regina grahamii....................................  234
69. Ventral view (5X) of the dorsal constrictors of 
Thamnophis couchii ................................ 236
70. Ventral view (7X) of the dorsal constrictors of 
Tropidoclonion lineatum...........................  238
71. Ventral view (6X) of the dorsal constrictors of
Adelophis f o x i ............    "140
72. Ventral view (5X) of the dorsal constrictors of
Storeria dekayi....................................  242
73. Ventral view (9X) of the dorsal constrictors of
Virginia striatula ................................ 244
74. Ventral view (6X) of the dorsal constrictors of
Seminatrix pygaea...............................   . 246
75. Ventral view (6X) of the dorsal contrictors of
Clonophis kirtlandii.............................. 248
76. Dorsal view (3X) of the ventral constrictors and 




77. Dorsal view (6X) of the ventral constrictors and 
the glosso-tracheal musculature of Regina
grahamii.......................................   . 252
78. Dorsal view (7X) of the ventral constrictors and 
the glosso-tracheal musculature of Thamnophis 
couchii.............................    254.
79. Dorsal view (7X) of the ventral constrictors and 
the glosso-tracheal musculature of Tropidoclonion 
lineatum..........................................  256
80. Dorsal view (6X) of the ventral constrictors and 
the glosso-tracheal musculature of Adelophis 
f o x i ..............................................  258
81. Dorsal view (6X) of the ventral constrictors and 
the glosso-tracheal musculature of Storeria 
dekayi............................................  260
82. Dorsal view (9X) of the ventral constrictors and 
the glosso-tracheal musculature of Virginia 
striatula.....................   262
83. Dorsal view (6X) of the ventral constrictors and 
the glosso-tracheal musculature of Seminatrix
pygaea .  ........................................  264
84. Dorsal view (6X) of the ventral constrictors and 
the glosso-tracheal musculature of Clonophis
kirtlandii........................................  266
85. Dorsal view (3X) of the ventral constrictors, the 
M. constrictor colli, and the M. neuro-costo- 
mandibularis of Natrix cyclopion ................. 268
86. Dorsal view (6X) of the ventral constrictors, the 
M. constrictor colli, and the M. neuro-costo- 
mandibularis of Regina grahamii............   270
87. Dorsal view (5X) of the ventral constrictors, the 
M. constrictor colli, and the M. neuro-costo- 
mandibularis of Thamnophis couchii . . .  ........  272
xiii
NUMBER PAGE
88. Dorsal view (7X) of the ventral constrictors, the 
M. constrictor colli, and the M. neuro-costo- 
mandibularis of Tropidoclonion lineatum........... 274
89. Dorsal view (6X) of the ventral constrictiors, the 
M. constrictor colli, and the M. neuro-costo- 
mandibularis of Adelophis f o x i ...................  276
90. Dorsal view (6X) of the ventral constrictors, the 
M. constrictor colli, and the M. neuro-costo- 
mandibularis of Storeria dekayi...................  278
91. Dorsal view (9X) of the ventral constrictors, the 
M. constrictor colli, and the M. neuro-costo- 
mandibularis of Virginia striatula ...............  280
92. Dorsal view (6X) of the ventral constrictors, the 
M. constrictor colli, and the M. neuro-costo- 
mandibularis of Seminatrix pygaea.................  282
93, Dorsal view (6X) of the ventral constrictors, the 
M. constrictor colli, and the M. neuro-costo- 
mandibularis of Clonophis kirtlandii ............. 284
xiv
ABSTRACT
The cranial musculature of Natrix cyclopion is described, and 
discrepancies in the literature are pointed out. Absolute and 
proportional variation in the cranial musculature of nine genera 
and thirty-nine species of North American natricine snakes is dis­
cussed. The proportional data appear to be of limited value in 
deducing phylogeny since individual interspecific and intergeneric 
variation is great. Proportional differences in cranial musculature 
between species exist both in juveniles and adults.
The taxonomic validity of various characteristics of the 
superficial external adductor muscle is examined. A levator anguli 
oris muscle, which had been reported to be lacking in natricine 
snakes, is present in a majority of the North American species; it 
varies considerably in structure and attachment.
Twenty-four myological characters are evaluated as to their 
primitive and advanced states. The percentage of shared character 
states is given for each genus. In terms of the degree of primitive­
ness, Natrix, Regina, and Thamnophis seem to be closer to the ances­
tral stock than are the semifossorial genera Seminatrix, Adelophis, 
Tropidoclonion, Clonophis, Virginia, and Storeria. Natrix and Regina 
appear to be more closely related to each other than either is to any
xv
other North American natricine genus. Myological evidence supports 
the generic separation of Regina from Natrix. Clonophis. which had 
been incorporated until recently in either Natrix or Regina. is 
myologically very distinct from either genus. Thamnophis has far 
more advanced character states than either Natrix or Regina; Thamno­
phis. in terms of an evolutionary grade, may be considered a trans­
itional genus. The semifossorial genera seem to be rather highly 
specialized, and they could have been derived from either a proto- 
Natrix or a proto-Thamnophis ancestral stock.
Intra-gencric groupings are suggested for Natrix, Regina, and 
Thamnophis on the basis of the proportional data. Groupings based 
on the data from absolute characters failed to yield a consistent 
arrangement. My evidence casts some doubt on the hypothesis that the 
morphological differences in cranial musculature necessarily reflect 
adaptations for specific modes of feeding.
xvi
INTRODUCTION
Anatomists became interested in the cranial muscles of snakes 
more than a century ago, but the majority of studies have been des­
criptive accounts of a single species or comparative treatment of 
relatively few species. Only recently has enough information been 
accumulated to enable systematists to make taxonomic use of cranial 
musculature. Lakjer (1926) was the first to observe that the divided 
condition of the M. adductor externus superficialis varies among the 
different species of snakes. Haas (1962) used the arrangement of 
the mandibular adductors in the first widely applicable study of 
the systematic value of cranial myology, and Underwood (1967a) incor-
\
porated this work into his own classification of the snakes. Kochva 
(1962) studied the lateral jaw musculature of viperine snakes and 
also commented on the condition of these muscles in some non-viperines. 
Weaver (1965) compared the cranial musculature of three species of 
the primitive South American colubrid genus Xenodon with three species 
of Heterodon, a primitive North American colubrid genus. Hollander 
(1968) compared the trigeminal musculature of two species of Farancia, 
another primitive North American colubrid genus.
Knowledge of the comparative cranial musculature of North 
American natricine snakes is scant. Cowan and Hick (1951) compared 
the cranial musculature of three species Thamnophis, and Adams (1925)
1
2
described the cranial myology of Natrix cyclopion with some 
suggestions of homology in the lacertilians. Oldham, Smith and 
Miller (1970) described the head musculature of Natrix rhombifera. 
Langebartel (1968) included 13 species of North American natricines 
in his study of the hyoid and its associated muscles in snakes. Mine 
is the first comprehensive comparative study to include most of the 
North American natricine taxa. Representatives of all nine genera 
and 39 of the 44 currently recognized species were dissected and 
studied. The five species that I have not dissected are rather rare: 
Adelophis copei, Thamnophis digueti. _T. exsul, T?. mendax, and Storeria 
storeroides.
In this study I have undertaken an intra- and intergeneric 
comparison of the North American genera of the colubrid subfamily 
Natricinae in order to establish myological parameters for them. This 
information would serve two main purposes: (1) to determine if the
species groupings suggested by the cranial musculature agree with 
those bgsed on other kinds of taxonomic characters, and (2) to see 
if the myological data might be able to illuminate intra- and inter­
generic relationships.
MATERIALS AND METHODS
The present investigation is based on dissection of 214 
preserved snakes and skulls. The cranial myology of the following 
9 genera and 39 species of North American natricine snakes has been 
studied. (Unless otherwise specified, the numbers below refer to 
specimens deposited in the Louisiana State University Museum of 
Zoology, designated hereafter as LSUMZ): 9 Natrix cyclopion, 13556,
24521-28; 4 JN. erythrogaster, 20313, 24507-9; 6 N. fasciata, 24469, 
24510-14; 4 N. harteri, 24471-2, 24504-5; 7 N. rhomblfera, 9154, 9158, 
24529-33; 5 N. sipedon. 24470, 24503, AMNH 3103, 3106, uncatalogued;
7 N. taxispilota, 24516-20, 24649-50; 5 N. valida, 24506, 24468, AMNH 
84083, 90740-42; 6 Regina alleni, 9127, 24467, 24489-90, 24502,
uncatalogued; 9 R. grahamii, 2837, 13794, 20251, 24496-501; 6 R. 
rlgida. 8984, 9250, 18294, 24494-95, 24515; 5 R. septemvittata, 12066, 
24466, 24491-93; 4 Thamnophis brachystoma. 13535, 13600, 24647-48; 3 
_T. butleri, 24642-44; 5 T. chrysocephalus, 24542-46; 6 T?. couchii, 
7919, 8068, 8131, 8226-27, 14682; 5 T. cyrtopsis. 7925, 10040, 10071, 
24552-53; 4 T. elegans. 11632, 13925-26, 13928; 5 T. eques, 24554-58;
1 T. godmani. 24575; 4 T. marcianus, 10322, 20076, 22019, 24551; 6 T. 
melanogaster. 24534-38; 4 TC. nlgronuchalis, 24540-41, 24592-93; 5 T. 
ordinoides, 24569-73; 8 _T. proximus. 8269, 8363, 16690, 18430, 20255, 
23628-29, 23906; 6 T. radix. 7935, 7940, 7944, 7970-72; 5 T. rufipunc- 
tatus. 16465, 24547-50; sauritus. 24559-63; 4 T. scalaris, 24576-79
5 T. sirtalis, 24564-68; 5 T. sumichrasti. 283, 293, 4198-99, 24574;
5 Tropidoclonion lineatum. 20078, 24583-86; 5 Adelophis foxi,
16410-14, 24587-89; 5 Storeria dekayi, 20397, 23583-84, 24105, 24590;
5 £>. occipitomaculata, 12250-51, 24591, 24637-38; 6 Virginia striatula, 
12135, 17670, 17693, 20215, 24580-81; 4 V. valeriae, 24479-82; 4 Semi­
natrix pygaea, 7405, 24582, 2 uncatalogued; 4 Clonophis kirtlandii, 
7445, 9219, 9222, 20393.
Although this Investigation embodies only the North American 
natricine snakes, I also dissected a freshly killed Elaphe obsoleta 
and one preserved specimen of Agkistrodon contortlx to compare their 
mandibular adductors with those of the natricines. Besides, for com­
parison, I dissected and studied the cranial myology of four genera 
and seven species of the Old World natricine snakes, and their museum 
numbers are as follows: 2 Natrix annularis, 19349, 24641; 2 N. perca-
rlnata, 20043, 45; 2 N. natrix, 9256, 23681; 2 N. tessellata, 9261, 
23682; 2 Amphiesma stolata, 20047-48; 2 Rhabdophis tigrinus. 24653-54;
2 Xenochrophis piscator, 20060, 63.
The specimens were killed with Nembutal, hardened in 10% formalin, 
and stored in 33% isopropyl alcohol. I found that fresh specimens 
were the least desirable for muscle dissections; specimens preserved 
in alcohol for a few years were ideal. Except for studying ontogenetic 
variation of muscles, only mature specimens, of both sexes of each 
species, have been dissected. Each muscle was Investigated to deter­
mine as accurately as possible the origin, insertion, path, size, 
shape, and relationship to other muscles.
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For the study of skulls, specimens already cleaned by dermestid 
beetles were used. For determining minute details of the bones, the 
cleaned skulls were superior to those dissected from alcoholic speci­
mens. Reference to the skulls was necessary to get a better under­
standing of the origin and insertion of the muscles.
The specimens were all keyed out by me, and the identifications 
were verified by Dr. Douglas A. Rossman before dissection. The pre­
served specimens were secured to a 4 1/2 inch wide, wax-filled fin- 
gerbowl for dissection. The dissections were done under a binocular 
stereomlcroscope using 7X or 10X magnification without recourse to 
the use of stains, except for vety few muscles. The dissection pro­
cedures were in three major phases and in the order given below. In 
dissection the superficial muscles were first traced and they were 
either detached from the origin or transected, to expose the deeper 
muscles.
(1) Procedure for the exposure of the adductores mandibulae. 
facial and cervical muscles. An opening incision was made through 
the mid-dorsal line of the head, and the skin was removed in one 
piece from one side of the neck and the head, taking precaution not 
to damage the origin of the M. constrictor colli, which is an 
extremely thin muscle lying close to the neck. The M. constrictor 
colli was transected at its origin and its lower part was left intact 
on the skin in deflecting the skin sideways. The origin of the M. 
cervico-quadratus also was kept intact. The posterior extension of 
the supralabial gland and the quadrato-maxlllary ligament were
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severed. The fascia at the rictus oris was removed, avoiding damage 
to the thin, slender anterior extension of the M. adductor externus 
superfIcialis. The three external mandibular adductors were detached 
from their origin to expose the deeper muscles and nerves. I found 
it convenient to sever the quadrato-supratemporal articulation and 
deflect the muscles along with the quadrate bone. Most of the rami­
fications of the trigeminal nerve were clear in this view. Extreme 
care was taken to preserve the slender M. pseudotemporalis. I 
detached the M. depressor mandibulae from its origin, which enabled 
a better visualization of the course of the facialis nerve and the 
tendinous insertion of the M. cervico-quadratus.
(2) Procedure for the exposure of the constrlctores ventrales 
and the glosso-tracheal musculature. I found that the best approach 
was from the dorsal side of the floor of the buccal cavity. An open­
ing incision was made through the angle of the mouth and the quadrato- 
mandibular articulation on one side. The incision was extended post­
eriorly, first through the side of the body to the origin of the 
tongue, and then across the ventral body wall— thus making the lower 
jaw and the contiguous ventral body wall into a flap. This flap was 
secured to the fingerbowl, dorsal side upwards. The oral and the 
esophageal mucosa above the tongue and trachea and the related fascia 
were removed. Utmost care was taken not to peel off the MM. trans- 
versus branchialis and the hyotrachealis in removing the mucosa. It 
took some effort to remove the mucosa over the larynx and the lateral
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sublingual gland. A certain degree of lateral stretching of the 
lower jaw was necessary for a full exposure of the muscles. As 
shown in Figs. 76-93, transection of some muscles on one side, and 
the removal of a portion of the trachea and tongue, was necessary 
to expose the origin and insertion of the ventralmost intermandibular 
muscles.
Since the intermandibular muscles are extremely thin and flat 
and are difficult to trace, I stained the muscles with iodine by 
soaking the snake's head in iodine-potassium iodide solution for 
about one hour. Prior transection of the large M. neuro-cpsto-man- 
dibularis allowed a better penetration of iodine and thus better visu­
alization of the origin of MM. constrictor colli and the intermandi- 
bularis posterior: pars posterior, which are otherwise difficult to
trace. To get satisfactory penetration of iodine to the deeper- 
lying muscles, the surrounding fascia from the floor of the buccal 
cavity was removed. Some of the dorsalmost intermandibular muscles 
were also transected to trace the underlying muscles. Then the flap 
formed from the lower jaw and the ventral body wall was wrapped 
around the head and tied with twine, before the immersion of the head 
in the iodine solution. This procedure enabled the muscles to be 
exposed directly to the iodine solution.
(3) Procedure for the exposure of the constrlctores dorsales.
In dissecting these muscles, the specimen was pinned down with the 
roof of the buccal cavity facing me. The oral mucosa was removed to
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expose the various cranial elements and the muscles. As shown In 
Fig. 5, bisection of certain muscles enabled me to trace some 
branches of the trigeminus (V3) and N. facialis (VII) that were dif­
ficult to locate from the lateral side of the head.
Illustrations. I was able to make all observations and drawings 
successfully with the binocular microscope. I found it more con­
venient to draw the diagrams without the assistance of a bulltrin 
camera lucida. For large-headed specimens a lower magnification, 
and for small-headed snakes a higher magnification, was employed. I 
have tried to assure accuracy of proportions for the illustrations, 
by measuring the dimensions of the head and musculature, and all 
associated structures of the head, of each species.
For each species, I have drawn the dorsal view of the posterior 
region of the skull (Figs. 28-66). To assure accuracy, already 
cleaned skulls were used for this purpose. On the right side of 
the diagrams the origin and path of the mandibular adductors were 
filled in from the dissected specimens. The first 4 to 10 vertebrae, 
depending on the species, were also drawn to depict the origin of the 
M. retractor quadrati.
For comparison, I have provided diagrammatic sketches (Figs.
7-9) of the M. add. ext. superficialis of all the North American 
natricine genera, and species of Natrix and Regina.
Calculation of proportions of muscles. It was apparent that 
some muscles under consideration were of lesser, and others of
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greater, proportional dimensions in different species. This relative 
size difference was especially noticeable at the intergeneric level.
A direct comparison of dimensions of the origins and insertions would 
have been meaningless, however, inasmuch as North American natricines 
vary in adult size from the very small species of Virginia, which 
scarcely exceed a foot in length, to the larger species of Natrix, 
which not infrequently reach lengths in excess of five feet. I, 
therefore, calculated the numerical ratios of a number of origins 
and insertions (Tables I-VI in Appendices A and B) and analyzed the 
resulting data.
The proportional characters of cranial muscles, for which 
percentage ratios have been calculated, are as follows: . (1) muscle 
origin expressed as per cent of the total length of the braincase: 
AE1, AE2, NCM1, RV, PQ, RQ and CC; (2) muscle width expressed as 
a per cent of the length of the space between the postorbital and 
the quadrato-mandibular articulation: DM, AE2, AE3, API, and AP2;
(3) muscle length expressed as a per cent of the total length of the 
palato-pterygoid: Pts; (4) muscle origin expressed as a per cent
of the total length of the palato-pterygoid: PtsA; (5) muscle in­
sertion expressed as a per cent of the total length of the palato- 
pterygoid: RPt, LPt, PPt; (6) muscle origin expressed as a per cent
of the total length of the hyoid cornua: NCM3; (7) muscle insertion
expressed as a per cent of the total length of the hyoid cornua:
CC; (8) muscle origin expressed as a per cent of the total length of
10
the mandible: IP1, IP2, TB1, TB2, IA1, IA2; (9) muscle Insertion
expressed as a per cent of the length of the mandible: AE1, AE3,
IA1, IA2, IP1, IP2.
Terminology. The terminology applied to the muscles in the 
literature is confusing. Anatomists have customarily renamed muscles 
on the basis of slight variations in the origin and insertion in dif­
ferent taxa. There is still no complete agreement on terminology.
In his various papers Haas (1930-62) utilized Lakjer's (1926) termi­
nology in a modified form. The myological nomenclature of Kochva 
(1962), which is also derived from that of Lakjer and Haas, is the 
least cumbersome and seems to be gaining acceptance by ophidian 
myologists. It is this system of terminology that I have followed 
in this study.
In the present study, muscles are referred to by their full 
names only at the first mention. Only the abbreviated names are 
used thereafter.
CRANIAL MUSCULATURE OF Natrix cyclopion
As a basis of comparison I am providing a complete descriptive 
account of the head musculature of Natrix cyclopion, which is a fairly 
generalized and large-headed North American natricine snake. The 
significant differences in the origin and Insertion of the muscu­
lature of other natricine taxa are dealt with in the sections on 
variation of the cranial muscles and discussion.
For descriptive purposes, the cranial musculature of Natrix 
cyclopion is divided into four chief classes: the trigeminal, facial,
hypobranchial-spinal, and orbital muscles. The present study is con­
cerned only with the muscles of deglutition. Each class is divided 
into groups, each consisting of one or more muscles or muscle slips.
Figures 1, 2, and 3 are provided to clarify the relationships 
between the osseous cranial elements to which the muscles are 
attached.
I. TRIGEMINAL MUSCULATURE
The trigeminal muscle primordium gives rise to three main groups, 
each of which in turn divides into various muscles. These groups are 




A. Adductores mandibulae (Figs. 4, 5, 10, 19 & 28)
These muscles, which are concerned with the elevation and 
adduction of the lower jaw, extend from the posterolateral aspect of 
the cranium to the mandibles. These muscles are unusually large and 
strong compared to the adductors of other snakes. Large, strong man­
dibular adductors seem to be advantageous for snakes that subsist 
mainly on large aquatic animals. Adams (1925) recognized only two, 
whereas I found three distinct muscles in this group.
M. adductor externus superficialis. This muscle is the most 
anterior and superficial of the mandibular adductors. Situated at 
the angle of the mouth, this muscle is covered by the posterior part 
of the supralablal gland and embraces the connective tissue beneath 
the gland. At its origin, the M. add. ext. superficialis overlies 
the Harderian gland. The slender anteroventral portion of the muscle 
originates from the upper half of the postorbital bone. The postero- 
dorsal portion originates from either side of a groove formed by the 
lateral ridge of the parietal and the upper part of the postorbital. 
The muscle fibers converge as they pass ventrocaudad.
Just posterior to the tip of the Harderian gland, the fibers of 
the smaller anteroventral portion of the muscle change direction and 
sharply curve anteroventrally around the angle of the mouth. Pass­
ing anteriorly and becoming flattened, the muscle inserts on the 
lateral edge of the compound bone at the level of the anterior ends
13
of the insertions of the MM. add. ext. medlalls and add. ext. pro­
fundus. The latter insertions are located just behind the posterior 
tip of the dentary. The anteroventral slip of the M. add. ext. super­
ficialis is attached to the rictus oris only by fascia.
After the division of the muscle, the posterior 4/5 of the 
muscle continues in a posteroventral course. Some of the most ante­
rior fibers of this portion curve anteriorly at the angle of the 
mouth. However, the majority of the fibers terminate in a thin, 
broad sheet of fascia, which overlies the M. add. ext. profundus and 
inserts along the lateral surface of the compound bone. The M. add. 
ext. superficialis is innervated by a separate branch of V3, which 
enters the muscle from its medial side close to its origin.
M. adductor externus medialis. This muscle takes its origin 
mainly from the parietal crest and the ligament over the supraoc- 
cipital crest, and partly from the quadrato-supratemporal ligament.
The fibers from these origins converge as they pass directly ventrad 
and insert on the dorsal surface of the compound bone both medially 
and laterally between the mandibular fossa and the posterior tip of 
the dentary. This muscle is largely covered by the M. add. ext. sup­
erficialis and the add. ext. profundus. The M. add. ext. medialis 
is innervated by two branches of V3, which pass directly to the 
belly of the muscle. Adams (1925) reported three slips for this 
muscle. I observed only two slips at its origin, the fibers of 
which converge ventrally. Adams had apparently identified the M. add. 
ext. profundus as one of the slips of the M. add. ext. medialis.
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M. adductor externus profundus. This triangular muscle 
originates on the anterolateral margin of the quadrate between its 
anterodorsal corner and the point where the bone enlarges distally 
to articulate with the mandible. The fibers pass anteroventrad to 
insert on the flange along the lateral surface of the compound bone. 
The insertion extends from just behind the posterior end of the 
dentary to the quadrato-mandibular joint. The anterior end of the 
insertion lies between the anterior ends of the insertions of the 
MM. add. ext. superficialis and add. ext. medialis. The add. ext. 
profundus is covered by the posterior division of the M. add. ext. 
superficialis and its aponeurosis. The tough, white quadrato-max- 
illary ligament runs across the mandibular adductors superficially. 
The M. add. ext. profundus is innervated by several small branches, 
which originate from a branch of V3, to enter the muscle on its 
medial surface.
M. adductor posterior. Neither Adams (1925) nor Oldham, Smith 
and Miller (1970) make mention of the two slips of this muscle, (a) 
pars superficialis. This small triangular muscle originates from 
the entire length of the quadrate along its ventromedial surface.
The fibers pass directly ventrad to insert into the entire mandi­
bular fossa. Anteriorly this muscle is bordered by the stout and 
prominent mandibular branch of the trigeminal nerve. The M. add. 
post, superficialis is innervated by several small branches of a 
prominent twig of V3, which also sends a branch to the M. add. ext. 
medialis.
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(b) pars profundus. This small muscle, of the same shape and size 
of the add. post, superficialis, originates from that portion of 
the ventromedial surface of the quadrate not occupied by the M. add. 
post, superficialis. The M. add. post, profundus passes vertically, 
parallel to the M. add. post, superficialis to insert on the median 
wall of the mandibular fossa. The extensive nerve and vascular 
plexus of the otic region and the columella auris lie just postero- 
dorsal to this muscle. The M. add. post, profundus is innervated on 
its medial surface by short branches of V3, which arise along with 
the nerve to the superficial portion of the M. add. posterior.
M. pterygoideus. This is a large, pyriform muscle, lying wedged 
between the mandible and the pterygoid. It originates entirely on 
the anterodorsal edge of the ectopterygoid near its maxillary arti­
culation. The more lateral fibers are collected into a bundle, which 
is surrounded by a strong tendinous sheath, while the more medial 
fibers arise in a thin flat sheet of fascia connected to the dorsal 
surface of the ectopterygoid. The medial sheet of fibers passes 
obliquely posteriorly to form a fleshy, prominent, lateral bulge, 
seen clearly on the posterolateral side of the head. These fibers 
insert on the lateral, posterior, and ventral surfaces of the post- 
articular process of the mandible. The lateral fibers of the M. 
pterygoideus insert at the posterior end of the mandible on its 
ventromedial surface. The M. pterygoideus protracts the mandibles. 
This action must also retract the maxillae and the connecting bones,
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because, In this case, both the origin and Insertion are on movable 
parts. This muscle is Innervated by a prominent branch of the tri­
geminal nerve. This branch leaves cranium in close proximity to 
the mandibular branch. The nerve then turns caudad along the ven­
tral surface of the posterior part of the M. levator pterygoidei and 
divides into several short branches, which enter the M. pterygoideus.
Pterygoideus accessorius. This short, thick muscle originates 
mainly along the dorsolateral and ventromedial surfaces of the 
pterygoid at its posterior end, and partly from that portion of the 
ectopterygoid which overlies the pterygoid bone. The muscle passes 
ventrad to insert on the medial surface of the mandible just below 
the quadrato-mandibular articulation. The M. pterygoideus acces­
sorius is innervated by short branches of the nerve to the M. 
pterygoideus; these branches enter on the dorsal surface of the 
pterygoideus accessorius muscle lateral to the pterygoid bone.
M. pseudotemporalis. This narrow, strap-like muscle originates on 
the parietal just medial to the postorbital and ventral to the M. add. 
ext. superficialis. The M. pseudotemporalis is covered superficially 
by the maxillary division of the trigeminal nerve. The M. levator 
pterygoidei lies just below the M. pseudotemporalis at its origin.
The fibers pass posteroventrally around the angle of the mouth to 
Insert on the dorsal surface of the compound bone between the two 
insertions of the M. add. ext. medialis. The M. pseudotemporalis is 
innervated near its middle by a separate branch of the V3, which
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leaves the latter in company with the nerve to the M. add. ext. 
medialis. The ribbon-like M. pseudotemporalis can be easily lost in 
dissection especially at its origin. Neither Adams (1925) nor Oldham, 
Smith and Miller (1970) mentions the M. pseudotemporalis in Natrix. 
Cowan and Hick (1951) did not mention it in three species of 
Thamnophis. whereas Albright and Nelson (1959) identified this muscle 
in Elaphe obsoleta.
B. Constrictores dorsales (Figs. 5 and 67)
The dorsal constrictors are mainly concerned with the movement 
of the palato-maxillary and nasal components of the cranium. These 
muscles are situated on the underside of the cranium. They link the 
braincase with the pterygoid, vomer, palatine, quadrate, and the 
compound bone. In Natrix cyclopion there are five parts to the dorsal 
constrictors.
M. protractor quadrat!. This thin, flat, nearly triangular muscle 
originates from the aponeurosis attached to the midventral surface 
of the first two cervical vertebrae and the posteroventral process of 
the basiocciptial. The fibers pass in an almost parallel band to 
insert on the postarticular process of the mandible. There is no 
Insertion on the pterygoid, contrary to what Adams (1925) stated.
The cranial blood vessels, nerves, and the columella Auris. lie just 
dorsal to this muscle. The M. protractor quadrati is innervated by 
a separate branch from V3. This branch is found just anterior to the
18
columella aurls and the facial nerve. The nerve to the M. protractor 
quadratl enters the dorsal surface of the muscle near Its origin.
M. protractor pterygoidei. This stout muscle originates on the mid- 
ventral and ventrolateral side of the sphenoid. The fibers pass 
posterolaterally following the course of the pterygoid and insert on 
the dorsomedial surface of the pterygoid along its posterior half.
This muscle is bound laterally by the M. levator pterygoidei and its 
anterior side partly overlaps the origin of the M. retractor ptery­
goidei. The M. protractor pterygoidei is innervated by a separate 
branch of V3, which exits from the cranium just posteroventral to 
the cranial attachment of the columella auris. The nerve then swings 
ventrocaudad to enter the muscle on its dorsal surface.
M. levator pterygoidei. This fan-shaped muscle originates from the 
parietal between the postorbital and the supratemporal. The origin 
lies posterior to the postorbital, and the M. pseudotemporalis lies 
above this muscle. The fibers spread out ventrad and mediad as a 
flat sheet of muscle to insert along the dorsal surface of posterior 
2/3 the length of pterygoid. Laterally, the levator is bound by the 
adductors of the mandible and the Harderian gland, and medially by 
the protractor and retractor of the pterygoid. The M. levator ptery­
goidei is innervated by a branch of the trigeminal nerve (V4 of Lakjer, 
1926) which leaves the trigeminal ganglion near the origin of V3. The 
nerve to the M. levator pterygoidei enters the muscle directly from 
the medial side and divides into many branches.
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H* retractor pterygoidei. This short, stout band of muscle originates 
from the sphenoid lateral and immediately anterior to the origin of 
the M. protractor pterygoidei. The ventral lobe of the Harderian 
gland lies just above this muscle. This muscle is bound medially by 
the vomerine retractor. The M. retractor pterygoidei passes antero- 
laterally to insert on the dorsomedian edge of the palatine.
The nerve to the retractors of the pterygoid and the vomer 
arises as a common branch from the base of the maxillary division 
(V2) of the trigeminal nerve, close to the origin of V3. The nerve 
swings rostrolaterally, passing dorsally to the M. pseudotemporalis. 
The nerve divides into a lateral and medial branch. The lateral 
branch swings caudad to enter the pterygoid and its levator. The 
meidal branch passes transversely and ventral to the orbit and the 
Harderian gland, and gives a branch to the M. retractor vomeris. The 
nerve then passes caudad, wedged between the origins of the MM. re­
tractor vomeris and retractor pterygoidei. After giving off the 
nerve to the M. retractor pterygoidei at its origin, the main branch 
disappears in the sphenoid bone.
M. retractor vomeris. This small inconspicuous pair of muscles 
lying closely approximated to each other, originate in close apposi­
tion to the origin of the M. retractor pterygoidei, which borders it 
medially. The M. retractor vomeris is fleshy and broad at its origin 
only. It narrows abruptly to a flat tendon and passes anteriorly.
The tendinous part lies medial to the ocular structures. The
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insertion of this muscle is on the posterior tip of the vomer. The 
innervation of this muscle has already been described in connection 
with the M. retractor pterygoidei.
C. Constrictores ventrales. (Figs. 76, and 85)
The constrictores ventrales are associated only with the 
mandibular component of the skull. They are the true inter-mandi­
bular musculature of the floor of the buccal cavity. Their arrange­
ment has been complicated by the forward invasion of the muscles 
associated with the tongue and the trachea. The ventral constric­
tors, which mainly adduct the lower jaws, are innervated by the intra- 
mandibular ramus of V3 of the trigeminal nerve. There are two basic 
sets of this musculature in Natrix cyclopion, which are divisible 
into several muscles and their slips.
M. lntermandibularis anterior; pars mucosalis. In Natrix 
cyclopion this muscle is divided into two distinct slips, which 
appear merely as a cleft in the fibers from a ventral view of the 
lower jaw. Only a dissection approaching from the dorsal side of 
the floor of the oral cavity will reveal the muscles clearly.
The smaller, triangular anterior portion of this muscle 
originates on the midventral raphe of the lower jaw and on the 
fascia attached to the buccal membrane. The fibers pass antero- 
laterally to insert on the ventromedial surface of the anterior tip
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of the dentary, and on the ligament attached to It. This muscle and 
its posterior counterpart lie immediately dorsal to the skin and 
ventral to all the muscles of that area.
The much stouter and larger posterior slip originates from the 
midventral raphe of the lower jaw and the fascia surrounding the 
tongue sheath, just posterior to the origin of the anterior slip.
The fibers pass anterolaterally to insert on the ventromedial sur­
face of the dentary immediately posterior to the insertion of the 
anterior slip. The MM. genioglossus and geniotrachealis form the 
posterior border of this muscle and partly overlap it. The MM. inter- 
mand. ant: pars mucosalis and pars glandularis are innervated by
small branches of a nerve, which exits from the splenial.
M. intermandibularis anterior: pars glandularis. This slip, which
is an offshoot of the M. intermand. anterior, lies dorsal to the 
mucosalis division. The origin is on the midventral raphe of the 
lower jaw and the fibrous inter-ramal pad; but the fibers swing 
posterolaterally rather than anterolaterally. The fibers then pass 
ventral and lateral to the lateral sublingual gland to insert on the 
ventrolateral side of the gland at its posterior end. A small number 
of fibers do not insert on the gland, but on the connective tissue 
of the oral mucosa posterior to the gland. Langebartel (1968) called 
this muscle the constrictor of the sublingual gland in Thamnophis.
In Natrix cyclopion a special set of fibers of the pars 
glandularis division originate from the midventral raphe just medial
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and posterior to the lateral sublingual gland. These fibers are 
seen clearly when the sublingual glands are stretched. They curve 
dorsally around the posterior part of the gland to attach at the 
insertion of the pars glandularis division. Adams (1925) did not 
mention the M. intermad. ant: pars glandularis.
M. tansversus branchialis. This muscle lies dorsal to the origin of 
the M. intermand. post: pars anterior. It originates on the midven­
tral raphe just posterior to the M. intermand. anterior. The fibers 
curve anterolaterally to the insertions. In .N. cyclopion these 
fibers consist of two distinct divisions: a broad, thin postero­
lateral slip, which goes to the mucosal insertion; and a narrow, cyl­
indrical anteromedian slip, which goes to the glandular insertion.
The anteromedian slip (pars glandularis) first passes antero­
laterally, then curves anteromedially to insert on the posterior end 
of the lateral sublingual gland. In doing so, this muscle passes 
dorsal to the MM. genioglossus and geniotrachealis. The postero­
lateral slip (pars mucosalis) inserts directly on the mucosa attached 
to the angulo-splenial articulation.
Albright and Nelson (1959), Cowan and Hick (1951), and Weaver 
(1965) called transversus branchialis, the muscle I have described 
above. Langebartel (1968), however, called this muscle the dilator 
of the sublingual glahd in Thamnophis. He used the name transversus 
branchialis for another muscle, which arises on the medial edge of 
the ceratobranchlals of the hyoid and proceeds postero-medially to 
attach on the midventral raphe. I found that these fibers are
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nothing but the hyoid origin of the M. neuro-costo-mandibularis. 
Neither Adams (1925) nor Oldham, Smith and Miller (1970) refer to 
this muscle in their works. This muscle is innervated by a branch 
of the nerve which goes to the M. intermand. anterior.
M. intermandibularis posterior: pars anterior. This is the
largest of the ventral constrictors. Its origin is on the mid­
ventral raphe of the lower jaw ventral to the origin of the posterior 
slip of the M. intermand. ant: pars mucosalis and the undivided
portion of the M. transversus branchialis. At its origin, the M. 
intermand. post: pars anterior is broad and thin. This muscle runs 
caudolaterally tapering to a stout band, where it inserts on the 
ventromedial surface of the compound bone at the level of the distal 
end of the mandibular fossa. This muscle is innervated on its ven­
tral surface by a branch of the nerve, which exits through the 
small foramen in the angular bone.
M. intermandibularis posterior: pars posterior. This extremely
thin, flat, triangular sheet of muscle originates on the midventral 
raphe posterior to the origin of the MM. intermand. post: pars
anterior and the transversus branchialis, and anterior to the tip 
of the hyoid cornua. Unlike the pars anterior, the pars posterior 
passes ventral to the M. neuro-costo-mandibularis for most of its 
length. The insertion of the pars posterior is just posterior to 
the insertion of the pars anterior, on the ventrolateral surface of 
the compound bone at the level of the proximal end of the mandibular 
fossa.
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This weak muscle, easily lost in dissection, can be revealed 
fully only through dissection of the dorsal aspect of the lower jaw, 
and when the mandibles are well spread. Innervation is by a minute 
nerve which passes to the muscle from the nerve supplying the M. 
intermand. post: pars anterior. Adams (1925) apparently used con­
fusing names like adductor medius and adductor posterior for the 
anterior and posterior divisions of the M. intermand. posterior, 
respectively.
II. FACIAL MUSCULATURE (Figs. 4, 5, 10, 19 and 28)
The facial musculature is innervated by branches of the facial 
nerve (VII), which emerge from the posterior prootic foramen in 
company with the mandibular ramus (V3) of the trigeminal nerve. The 
facial nerve passes posterodorsally to the columella auris to supply 
branches to the MM. depressor mandibulae, retractor quadrati, and 
the constrictor colli. The confusing synonyms of these muscles 
might have lead Adams (1925) to state that the M. depressor mandi­
bulae is innervated by the Vth cranial nerve. The extensive otic 
plexus of blood vessels in that area makes the nerves difficult to 
trace.
M. depressor mandibulae. This stout sheet of muscle, which is the 
chief depressor of the mandible, covers the entire outer surface of 
the quadrate, wrapping around the posterior edge of the bone and a 
small portion of its medial surface. The M. depressor mandibulae
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originates on the lateral and medial surface of the proximal end of 
the quadrate and on a tough ligament overlying the quadrato-supra- 
temporal articulation. The fibers follow the lateral fossa of the 
quadrate posteroventrally to insert on the dorsomedial surface of 
the postarticular process of the mandible.
The M. cervico-quadratus passes through a groove between the 
medial and lateral fibers of the depressor mandibulae to insert on 
the quadrate. The thick posterior part of the quadrato-maxillary 
tendinous ligament is connected to the lateral side of the postar­
ticular process of the mandible immediately lateral to the insertion 
of the M. depressor mandibulae. Innervation is by means of short 
branches of the facial nerve as it passes through the body of the 
muscle on its way to the M. retractor quadrat!.
M. retractor quadrat!. This is a broad, fan-shaped muscle, origi­
nating from an aponeurosis covering the dorsal region of cervical 
vertebrae three through seven. The fibers pass ventrally and slightly 
anteriorly to insert mainly on the lateral distal end of the quadrate. 
The M. retractor quadrat! also has a broad tendinous insertion, which 
lies immediately posterior to the border of the quadrato-mandibular 
synovial capsule. Innervation is by small branches, which leave the 
main trunk of the facial nerve, within the depressor mandibulae, and 
pass dor so-caudal ly to the M. cervico-quadratus and enter the M. 
retractor quadrat! at its medial surface.
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M. constrictor colli. This is an extremely thin, broad muscle. Its 
subcutaneaous position and mingling with the fascia of the region 
makes it difficult to dissect. Skinning the head and the neck can 
easily distort or damage the muscle, so as to make its recognition 
difficult or its existence doubtful. Adams (1925) has not mentioned 
this muscle. The M. constrictor colli originates by means of a 
thin aponeurosis, which covers the M. depressor mandibulae, the 
neural spines of a few anterior cervical vertebrae, and a portion 
of the M. retractor quadrati. The fibers pass ventrally, following 
the curve of the neck, to insert mainly on the side of the cerato- 
branchials of the hyoid, and to a lesser extent on the midventral 
raphe anterior to the fused cornua. In N, cyclopion the insertion 
on the anterior part of the hyoid is less than 1/4 the length of 
the cornua. The insertion is completely covered by the M. neuro- 
cos to-mandibularis dorsally. Bordering the M. constrictor colli 
just anteriorly is the M. intermand. post: pars posterior. Inner­
vation is by the facial nerve. The twig to the M. constrictor colli 
passes internally to the quadrate, then emerges posteriorly, and 
sends branches to the M. retractor quadrati as well as to the M. 
constrictor colli.
III. HYPOBRANCHIAL-SPINAL MUSCULATURE
According to Albright and Nelson (1959), the hypobranchial- 
spinal musculature in Elaphe is innervated by the glossopharyngeal,
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vagus, and the hypoglossal nerves. Much confusion exists regarding 
the actual Innervation of these muscles, because of the fusion of 
the cranial nerves, and their mingling with the spinal nerves and 
the vascular plexus of this region in snakes. For convenience in 
description, this musculature is divided into the glosso^tracheal 
and cervical muscle groups.
A. Glosso-tracheal muscles. (Figs. 76 and 85)
The glosso-tracheal muscles are those paired muscles which 
extend and retract the tongue and the trachea. M. hyoglossus.
These long, slender, paired retractor muscles of the tongue, make 
up the bulk of the organ. The MM. hyoglossi arise from the medial 
edge of the posterior tips of the ceratobranchials of the hyoid.
The MM. hyoglossi pass rostrally, laterally, and ventrally to the 
intrinsic tongue muscles, pressed so closely together with them, that 
they are almost indistinguishable. The separate identity of the 
hyoglossi can be revealed only by careful separation of them from the 
intrinsic tongue muscles. In N. cyclopion the hyoglossi, in their 
course anteriorly, are attached to the "parallel" type of hyoid cornua 
by fascia. Anteriorly the hyoglossus is attached to the tongue sheath, 
the oral mucosa, and the fascia medial and just posterior to the lat­
eral sublingual glands. The genioglossal sheath covers the anterior 
part of the M. hyoglossus. Two principal nerves from the cranio- 
cervical plexus (IX + X + XII) serve this muscle. The anterior
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branch, which passes anteromedially, makes several convolutions 
about the level of the posterior end of the dentary, and penetrates 
the hyoglossal sheath. The nerve proceeds posteriorly and gives 
off twigs to the M. hyoglossus and the intrinsic tongue muscles.
The posterior branch, at the level of the posterior tips of the 
compound bone, makes a characteristic loop around the origin of the 
M. hyotrachealis, and also enters the hyoglossal sheath. After mak­
ing its characteristic convolutions, the nerve passes posteriorly 
and enters the intrinsic tongue muscles. Adams (1925) has apparently 
mistaken the M. hyoglossus as the intrinsic tongue muscles.
M. genioglossus. This is a long, thin band of muscle that parallels 
the tongue and has two origins. The first origin is from the ven­
tromedial edge of the dentary just dorsal to the insertion of the 
pars posterior of the M. intermand. anterior, and just ventral to 
the insertion of the M. geniotrachealis. The much stouter genio- 
trachealls muscle borders it posteriorly and dorsally. The second 
origin is from the midventral raphe and the fascia just anterior to 
the lingual sheath and below the lateral sublingual gland. This 
small, narrow slip lies just lateral to the median sublingual gland. 
The muscle fibers from the second origin lie ventral to the glandu­
lar insertion of the M. transversus branchialis, and join the fibers 
from the first origin just posterior to the undivided M. transversus 
branchialis. Anteriorly, the M. genioglossus is bound by membranous 
connective tissue to the lingual sheath. The muscle then proceeds
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medially and posteriorly as a narrow band closely apposed to the 
lingual sheath and lying ventrolateral to it. As the genioglossus 
proceeds posteriorly, it lies lateral to the M. hyoglossus and is 
almost Indistinguishable from it, since the muscle becomes bound to 
the fascia of the hyoglossus. This general point of attachment to 
the fascia may be considered the insertion of the M. genioglossus.
The M. genioglossus is innervated by a small branch of the anterior 
division of the cranio-cervical plexus, which passes rostrally lat­
eral to the trachea beneath the oral mucosa. This nerve enters the 
MM. genioglossus and geniotrachealis at the level of the larynx.
M. geniotrachealis. This is a stout band of muscle approximately 
parallel in its course to the M. intermand. ant: pars posterior
and the lateral head of the M. genioglossus. The M. geniotrachealis 
originates at the anterior end of the dentary, dorsal to the origin 
of the lateral genioglossus. The geniotrachealis passes postero- 
medlally following the mandibular origin of the genioglossus to the 
tongue sheath, but it always lies dorsal to the genioglossus, so 
that the geniotrachealis rims along the trachea, whereas the geni­
oglossus lies along the tongue sheath. The M. geniotrachealis 
inserts on the ventral and ventrolateral surfaces of approximately 
the first fourteen tracheal rings. The M. hyotrachealis passes medi­
ally and dorsally to the geniotrachealis at its insertion. Innerva­
tion of the M. geniotrachealis was already mentioned in connection 
with the M. genioglossus.
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M. hyotrachealis. This retractor muscle of the trachea and larynx 
is thin and narrow and has a double origin. The origin lies just 
anterior to a transverse, tendinous "Inscription" of the M. neuro- 
costo-mandlbularis. The more medial origin is from the lateral edge 
of the hyoid cornua. This slip unites with the lateral slip, which 
originates from the deep portion of the M. neuro-costo-mandibularis. 
The hyotrachealis passes from the origin anteromedially toward the 
laryngotracheal region, crosses the geniotrachealis dorsally and 
inserts on the larynx and trachea anterior to the insertion of the
H. geniotrachealis. The insertion lies on the dorsal, ventral, and 
lateral surfaces of the larynx. The M. hyotrachealis is innervated 
by a thin, separate branch of the cranio-cervical plexus. This nerve 
filament branches off from the main trunk of the plexus at the pos­
terior border of the M. pterygoideus, then swings anteromedially to 
enter the middle of the M. hyotrachealis on its dorsomedlal surface. 
Adams (1925) failed to comment this muscle.
B. Cervical musculature (Figs. 4, 10, 19, 76, and 85)
Of the six muscles listed in this group by Albright and Nelson 
(1959), only two, , the MM. neuro-costo-mandibularis and cervico-quad­
ratus, have an effect on the opertion of the jaws. For this reason, 
only these two will be described here.
M. neuro-co sto-mandlbularls. This is a wide, flat, well-developed 
muscle, sheathing the neck and most of the lower jaw. There are
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three origins, the vertebral, costal, and the hyoid. Adams (1925) 
treated only the costal and the vertebral head under the name neuro- 
costo-mandibularis. He treated the hyoid head as a separate muscle 
under the name mylohyoideus.
The vertebral head originates from an extensive aponeurosis 
attached to the dorsal midline of the nuchal region. This origin 
lies immediately posterior to the origin of the M. retractor quadrati. 
From the origin, the vertebral head passes downward anteriorly, curv­
ing onto the ventral surface of the neck. The muscle is partially
overlaid superficially by the M. constrictor colli. The insertion is 
on the "inscriptio tendinis", which is also shared by the hyoid and 
the costal head of the M. neuro-costo-mandibularis. The "tendinous 
inscription" is a narrow, thread-like, connective tissue cord lying 
transversely to the neuro-cos to-mandibular, complex, just caudal to 
the origin of the M. hyotrachealis. The vertebral head is innervated 
near its origin by the ventral division of a few anterior spinal 
nerves, which enter the muscle on its medial surface.
The costal head originates by narrow slips from approximately 
the first seven anterior ribs. These slips converge as they pass 
ventrorostrally, and they insert upon the common "tendinous inscrip­
tion" of the M. neuro-costo-mandibularis approximately at the level 
of the postartlcular process of the mandible. The costal head is
innervated by a few anterior spinal nerves and branches from the
cranio-cervical plexus near the muscle insertion.
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Ac the level of the postartlcular process of the mandible, the 
fibers of the costal and vertebral heads lie parallel to the hyoid 
cornua, the former medial to the latter. Anterior to the "tendinous 
inscription," they converge and continue rostrally to their common 
insertion on the dentary.
The hyoid head has a double origin. The first origin is from 
the midventral raphe situated just medial to the hyoid cornua. Lange- 
bartel (1968) referred the name transversus branchialis to this por­
tion of the hyoid origin. These fibers, as they diverge laterally 
from the midventral origin, are attached to the median and anterior 
1/4 of the hyoid cornua. On a dorsal view, it appears that most of 
the fibers arise from the lateral edge of the cornua. The fibers 
then pass anterolaterally to join the fibers from the second origin. 
However, a small portion of the posterolateral fibers is attached to 
the common "tendinous inscription." The second origin is from the 
midventral raphe of the lower jaw, between the fused cornua and the 
origin of the M. transversus branchialis. The fibers from the second 
origin continue anterolaterally, lying parallel and anterior to the 
fibers from the first origin, and the fused vertebral and the hyoid 
heads. Like the costal head, this slip also is innervated by vari­
ously arranged branches from the cranio-cervical plexus'.
The common M. neuro-costo-mandibularis passes rostrolaterally, 
lying just ventral to the pars anterior and dorsal to the pars pos­
terior division of the M. intermand. posterior. The insertion of the
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neurocostomandibular complex is by broad, tough aponeurosis, which 
wraps around the ventrolateral surface of the dentary just beneath 
the Infralabial gland. This Insertion extends anteriorly from the 
anterior limit of the insertion of the M. add. ext. medialis to the 
point approximately opposite the middle of the insertion of the 
pars anterior of the M. intermand. posterior.
M. cervico-quadratus. This small, slender muscle, largely covered 
by the M. retractor quadrati, has a broad origin on the skin and 
fascia of the neck region ventrolateral to the vertebral head of the 
M. neuro-cos to-mandibular is. The fibers extend anterodorsally to 
insert on the posterodorsal corner of the quadrate, tapering from a 
wide origin to a tendinous, narrow insertion. In its course, this 
muscle passes along the anterior border of the vertebral head of the 
M. neuro-costo-mandibularis and medial to the M. retractor quadrati 
to reach the M. depressor mandibulae. The fibers end, and the tendon 
begins where the M. cervico-quadratus enters a deep groove in the 
posterior border of the M. depressor mandibulae. The M. cervico- 
quadratus passes through this groove to insert on the posterodorsal 
corner of the quadrate near the tough ligament overlying the quad­
ra to-supra temporal articulation. The M. cervico-quadratus is inner­
vated by short twigs from the anteriormost spinal nerves.
VARIATION IN CRANIAL MUSCULATURE OF NORTH AMERICAN
NATRICINE SNAKES
The variation of each main group of muscles or individual 
muscles will be dealt here in two main categories: absolute vari­
ations refer to the clearcut, qualitative, morphological differences 
in the origins and insertions of muscles; these provide the least 
variable characters but are few in number; proportional variations 
are the quantitative morphological differences based on the rela­
tive size of the muscles (see Materials and Methods). Only signifi­
cant proportional variations will be dealt within the text; for 
details of individual species or individual muscles, one should refer 
to the tables in the Appendices A and B.
A series of individuals of each species (an average of five) 
has been studied with regard to the relative size of the muscles in 
order to reveal intraspecific variation. As a basis of comparison of 
various taxa I have utilized the mean values of various proportional 
features. Unfortunately these proportional data appear to be of lim­
ited value in deducing phylogeny, since individual, Interspecific, and 
Intergeneric variation is great.
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I. VARIATION OF TRIGEMINAL MUSCULATURE 
A. Adductores mandibulae (Figs. 7-66)
The mandibular adductors exhibit more significant variation 
than any other group of cranial muscles.
Absolute Variation
1. M. adductor externus superficialis. This muscle, which is the 
most effective medial rotator of the mandibles, is extremely variable 
(figs. 7-9). Underwood (1967a) stated that in the Natricidae there 
is a single superficial external adductor muscle corresponding to the 
posterior division of the muscle, with origin on the parietal and 
insertion onto the connective tissue of the side of the neck. My 
observations do not support this statement. In all North American 
natricines examined except Adelophis foxi and Thamnophis brachystoma, 
a distinct slip from the postorbital bone also is present. Contrary 
to Underwood's (1967a) statement, the insertion of the M. add. ext. 
superficialis never reaches the side of the neck.
In Natrlx the superficial external adductor does originate from 
the parietal and postorbital; but it branches into two bundles at the 
posterior tip of the Harderian gland. Most of the fibers originating 
on the parietal pass posteroventrally to terminate in an aponeurosis 
that lies over the M. add. ext. profundus and inserts on the mandible. 
However some of the anteroventral fibers, which originate solely on
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the postorbital, do not terminate on the aponeurosis. Instead they 
become associated with the mucosa at the corner of the mouth (rictus 
oris), and turn anteroventrally to Insert on the compound bone at the 
anterior end of the insertion of the M. add. ext. profundus. This 
arrangement of the postorbital slip gives the muscle a bipartite 
appearance at the rictus oris.
I have called this slender anteroventral division of the 
postorbital slip "pars anterior" of the M. add. ext. superficialis. 
Lakjer (1926) originally described the M. add. ext. superficialis of 
Natrix natrix as having only very slight origin from the postorbital. 
His illustration did not show the origin of this muscle from the 
postorbital. I have confirmed that in Natrix natrix a postorbital 
origin is present as in New World Natrix. Underwood (1967a) apparently 
overlooked the "pars anterior" (la in my figures), which is separated 
as a distinct slip on the postorbital in many North American natri- 
cines as seen in most species of Regina, some Natrix species and a 
few species of Thamnophis. In all species of North American Natrix, 
Regina, and Thamnophis the "pars anterior" is a distinct bundle at the 
rictus oris, as in Natrix natrix.
Underwood (1967a) stated that "Latterly Haas referred to the 
anterior (la) division by the briefer and usually more descriptive 
term "levator anguli oris." It is difficult to ascertain whether Haas 
and Underwood refer to the postorbital slip as a whole, or only to the 
anterior slender division of the postorbital slip (la in my diagrams).
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The problem of clarification of the morphological variation of the 
origin and insertion of the M. add. ext. superficialis remains 
unsolved. Kochva (1962) stated that "the identification of the parts 
of this muscle is neither easy nor certain." Functionally speaking 
the name "levator anguli oris" is inappropriate in natricines, since 
none of the fibers inserts at the rictus oris. Continued use of the 
name in all the taxa will only complicate the functional terminology 
of this muscle.
The M. add. ext. superficialis (Figs. 7-9) in North American 
Natrix exhibit varying degree of separation of the pars anterior and 
pars posterior divisions. This separation can be revealed by care­
fully removing the thin fascia overlying the muscle. In all species 
of Natrix the separation of the two divisions of the muscle is com­
plete from the posterior part of the Harderian gland down to the 
insertion on the lower jaw. In N[. fasciata. N. taxispilota, N.. sipe- 
don, and _N. cyclopion, there is no separation of the pars anterior 
and pars posterior at the origin. In N. erythrogaster. N. hateri, 
and N. rhombifera, the pars anterior show only slight separation at 
the origin. The muscle in N. valida is extremely variable, some 
specimens showing separation of the pars anterior and pars posterior 
only from the posterior tip of the Harderian gland, while in others 
the separation is nearly complete.
Regina (Figs. 8-9) shows a more pronounced separation of the pars 
anterior and pars posterior than Natrix. Hence the bipartite condition
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of the postorbital slip is more readily distinguishable at its origin 
and rictus oris in Regina than in Natrix. JR. grahamii shows the 
greatest separation of the pars anterior. In R. grahamii the pars 
anterior is also broader than in any other species of Regina. Here, 
also, one has to remove the thin fascia lying over the muscle to 
reveal its identity.
In R. septemvittata, the M. add. ext. superficialis is extremely 
variable. Some specimens show less separation of the pars anterior, 
and some more, than in any other species of Regina. The M. add. ext. 
superficialis is broader in JR. alleni than in any other species. In 
R. rigida this msucle is comparatively narrow, but it has thick fibers. 
In these two species the pars anterior is very narrow at the origin 
and lies ventral to the pars posterior, so that the former is not 
easily identifiable superficially. In general, the pars anterior of 
the M. add. ext. superficialis of Regina is more well defined than in 
Natrix.
In Thamnophis, only JT. brachystoma consistently lacks an origin , 
from the postorbital. But two specimens of JT. chrysocephalus. and 
one specimen each of T. radix, and T̂. butleri lack a postorbital 
origin. In most species of Thamnophis the M. add. ext. superficialis 
originates in a single bundle from the postorbital and the parietal 
crest. However, as in most species of Regina and some species of 
Natrix, a completely separated pars anterior occurs, but inconsis­
tently, in Thamnophis couchii, T̂. eques, T̂. ordinoides, _T. sumichrasti, 
and T. marcianus.
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In ten species of Thamnophis, the Inserting fascia of the M. add. 
ext. superficialis attach both to the mandible and the quadrate. In 
other North American natrlcine taxa this fascia Inserts only on the 
mandible. The per cent of the total length of the quadrate to which 
the fascia is inserted in Thamnophis rufipunctatus is 75-100%; in T. 
nigronuchalls 55-80%; In T. melanogaster 25-75%; in T. proximus 35-50%; 
in jD. cyrtopsis 50-70%; in T sumlchrasti 20-40%; in T. eques 35%; in 
£. sauritus 50%; in jr. brachystoma 50-70%, and in jr. butleri 55%. How­
ever, in all species except T. rufipunctatus and jr. nigronuchalls 
there are some individuals which lack any fascial insertion on the 
quadrate.
In Adelophis foxi, the M. add. ext. superficialis is extremely 
thin and lacks an origin from the postorbital. The fibers from the 
parietal crest extend directly to the mandible, unlike in other taxa, 
in which some fibers curve around the rictus oris and pass anteriorly.
Tropidoclonion lineatum differs from Adelophis foxi in having a 
postorbital origin and that the M. add. ext. superficialis is much 
thicker. In Virginia, Seminatrix, and the species of Storeria 
studied, this muscle is comparatively broader than in other taxa. In 
Seminatrix and Virginia the muscle is broad ventrally beyond the angle 
of the mouth; the Inserting fascia is also much narrower than in the 
other taxa. In Clonophis there is a general resemblance to the M. 
add. ext. superficialis of Natrix (Fig. 9j). As in some species of 
Natrix the pars anterior of Clonophis is distinctly separated only
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at the rictus oris. In Tropidoclonion, Virginia, Seminatrix, and 
Storeria, the pars anterior and pars posterior have fused both at 
the origin and the rictus oris, and hence appear as a single bundle 
throughout their path. Three specimens of Storeria occipitomaculata 
lacked a postorbital origin.
2. M. adductor externus medialis. This muscle may have as many as 
five different origins: a. parietal crest; b. supratemporal-quadrate
ligament; c. supraoccipital bone proper, or its crest; d. ligament of 
the lateral supraoccipital crest; e. supratemporal bone. None of the 
natricine snakes possesses all five slips.
a. and b . Origins from the parietal crest and the supratemporal- 
quadrate ligament: All the North American natricine taxa examined
share these two slips, which are remarkably constant except in 
Storeria. In each species of Storeria the parietal crest is insig­
nificant. The origin from the parietal is broad in jS. dekayi, and 
narrow in S_. occipi tomacula ta. The fibers originating from the 
supra temporal-quadrate ligament are many in £>. dekayi, but few in S_. 
occipitomaculata.
c. Origin from the supraoccipital bone proper: The origin of
the M. add. ext. medialis from the supraoccipital is variable among 
the species of Natrix. This origin occurs only in N. erythrogaster 
and 1J. harteri, both of which have the slip originating from the 
anterior part of the supraoccipital bone proper, and in N. rhombifera 
in which the muscle originates from the fascia lying over the supraoc­
cipital. The superficial appearance of the M. add. ext. medialis
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differs because of the characteristic shape and size of the lateral 
supraoccipital crest. In JN. rhomblfera the crest is absent; In 1J. 
fasciata, N̂. valida. and N. cycloplon the crest Is brpad and low, 
while In JKF. e r y  t h r o  R a s t e r ,  N. taxlspilota, N. sipedon, and N. harteri 
the crest appears narrow and high, and sharply ridged.
Regina lacks the origin from the supraoccipital; but, R. 
grahamii may occasionally possess this origin which arises from the 
fascia covering the supraoccipital. The supraoccipital crest in 
Regina is short, broad, and low.
All species of Thamnophis examined have a supraoccipital origin, 
while it is lacking in Regina and five species of Natrix. In half of 
the species of Thamnophis the slip arises from an aponeurosis lying 
over the anterior part of the supraoccipital. This aponeurosis 
merges posteriorly with a triangular ligament lying over the lateral 
supraoccipital crest. In the other species of Thamnophis, the muscle 
slip arises directly from the supraoccipital bone. The superficial 
appearance of the M. add. ext. medialis in Thamnophis is modified by 
the shape of the lateral supraoccipital crest and minor variation in 
the shape of the lateral supraoccipital ligament. All species of 
Thamnophis studied have a lateral supraoccipital crest. In 10 of 
the 19 species studied, the crest is broad and low. In the other 
nine, the crest is narrow and high, and sharply ridged. The nature 
of the supraoccipital crest does not appear to be related to currently 
accepted garter snake phylogeny.
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In Adelophis foxi the slip from the supraoccipital is broad, 
and takes Its origin from the fascia lying over the blunt, broad, 
supraoccipital crest, as well as from the supraoccipital bone proper.
In Tropidoclonion lineatum this origin is narrow, and the fibers arise 
directly from the supraoccipital bone.
In Storeria occipitomaculata there is no origin from the
supraoccipital proper, and the M. add. ext. medialis itself is narrower,
less fleshy, and located more anterior to the supraoccipital crest than
in Ŝ. dekayi. In £3. dekayi a supraoccipital origin is present, although
a definite crest is lacking, and the muscle is broader at its origin
«
than in j3. occipitomaculata.
In Virginia valeriae there is a broad origin from the supraoc­
cipital proper and from its blunt, short crest. In V. striatula, not 
only is the crest absent but there are few fibers. In Seminatrix 
pygaea a broad origin from the supraoccipital is present. In Clon­
ophis the supraoccipital slip originates from the fascia lying over 
the bone.
d. Origin from the ligament over the lateral supraoccipital 
crest; Only in Natrix. Regina, and Thamnophis is there a triangular, 
flat, ligament (to be described in connection with the M. depressor 
mandibulae), superficially wedged between the origins of the MM. add. 
ext. medialis and the depressor mandibulae. In these genera there is 
a distinct muscle slip from the ligament contributing to the origin 
of the M. add. ext. medialis. In all other taxa examined, rather than 
a ligament, there is either a thin fascia, or nothing at all.
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e. Origin from the supratemporal bone proper: Only In four
genera, Tropldoclonlon, Storeria, Virginia, and Clonophis, an origin 
from the supratemporal is present. However, two species of Thamnophis, 
T. brachystoma and £. butleri occasionally show a supratemporal origin. 
Adelophis foxi differs from Tropldoclonlon lineatum in lacking an 
origin from the supratemporal.
Storeria and Virginia show interspecific variation in the origin 
from the supratemporal bone. Storeria occipitomaculata has a broader 
origin, and dekayi a narrower origin. Virginia striatula differs 
from V. valerlae; the former having numerous fibers from the supra­
temporal, and the latter only few.
Clonophis kirtlandii differs from Natrix and Regina in having 
an origin from the fascia lying over the supratemporal.
3. M. pseudotemporalis. This thin, strap-like muscle, which lies 
deep to the superficial and medial adductors of the mandible, is pres­
ent in all natricine taxa examined. It originates from the parietal 
crest and lies between the postorbital bone and the supratemporal- 
parietal junction. The origin of the M. pseudotemporalis from the.. . 
parietal depends upon the location of the supratemporal-parietal 
junction. The supratemporal lies closest to the orbit in Natrix 
taxispilota, and farthest from the orbit in Virginia striatula.
In general the M. pseudotemporalis lies closest to the orbit in 
Natrix (especially in N. taxispilota and II. cyclopion) than in any 
other natricines. In Regina, Adelophis foxi, and Storeria occipito­
maculata this muscle lies posteriormost to the orbit than other
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natriclnes. In five species of Thamnophis (T. cyrtopsis. T. sirtalis. 
T. ordinoides, T. melanogaster, and T. nigronuchalls) the M. pseudo­
temporalis also lies partly over the anterior region of the supra­
temporal bone. In other Thamnophis species and all other North Ameri­
can natriclnes the muscle does not overlap the anterior part of the 
supratemporal bone.
Proportional Variation 
AE1 origin (Table 1). There does not appear to be a taxonomically 
consistent pattern of variation in the relative width of this muscle's 
origin, both the penultimate high (30.6%) and ultimate low (19%) 
values occuring within the genus Thamnophis. The high extreme (31.0%) 
is shared by Natrix rhombifera and Storeria occipitomaculata.
2. AE1 insertion. There does not appear to be a taxonomically con­
sistent pattern of variation also in the relative width of the inser­
tion of this muscle, most North American natriclnes having a. mean in 
excess of 40%. The ultimate low value (29.8%) occurs in Adelophis 
foxi, and the penultimate low value (30.5%) in Regina grahamii. The 
high extreme (46.5%) is shared by Natrix rhombifera, II. erythrogaster. 
and Storeria dekayi.
3. AE2 origin (Table 1). The origin of this muscle is relatively 
broad in Natrix, most species having a mean in excess of 40%, and the 
ultimate high (47.0%) occurs in JN. fasciata. Tropldoclonlon. Vir­
ginia, three species of Regina, and eleven species of Thamnophis have 
means ranging from 33.0-38%; seven species of Thamnophis have values
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grading fairly smoothly down to 30%, values which agree closely with 
those of Seminatrix and Clonophis. The origin is narrower in Adelo­
phis (27.3%) and Storeria dekayi (27.6%), and narrowest in S_. occipi­
tomaculata (21.7%).
4. AE2 belly. The relative width of the belly of this muscle tends 
to be smaller in Regina and Natrix than in other groups, both the 
penultimate low (13.0%) and ultimate low (12.8%) occuring in Regina. 
Four species of Natrix (cyclopion, harteri, rhombifera, taxispilota) 
have means ranging from 13.4-18.3%; the others range from 24.0-27.0%, 
values that agree well with those of Clonophis and seven species of 
Thamnophis. Adelophis, Seminatrix, Virginia, Storeria dekayi, and 
eight other species of Thamnophis have means falling near 30%. Tham­
nophis eques, T_. scalaris, and j?. sauritus have means close to 35%.
The ultimate high (40.8%) occurs in Tropidoclonion, the penultimate 
high (36.8%) in Storeria occipitomaculata.
5. AE3 origin (Table 1). The origin of this muscle is relatively 
broad in Natrix, Regina, and Thamnophis, most species having a mean
in excess of 50%. Regina septemvittata and four species of Thamnophis 
have means ranging from 45.8-48.3%, values agreeing closely with 
those of Adelophis, Seminatrix, and Clonophis. The origin is dis­
tinctly narrower in Storeria and Virginia, all species of which have 
values falling near 40%, and narrowest in Tropidoclonion (33.4%).
6. AE3 belly. The belly of this muscle is relatively broad in 
Virginia, Storeria occipitomaculata, Adelophis, and four species of
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Thamnophis, all of which have means in excess of 60%. The high 
extreme (75.0%) occurs in Thamnophis scalaris and the penultimate 
high (70.5%) in Storeria occipitomaculata. Most of the other North 
American natriclnes have means ranging from 50.0-57.0%, although 
the means for Clonophis and most species of Regina fall below 50%.
The ultimate low value (44.5%) occurs in Regina grahamii and the 
penultimate low (46.0%) in Natrix rhombifera.
7. AE3 Insertion. There does not appear to be a taxonomically 
consistent pattern of variation la the. relative width of this mus­
cle's insertion, both the ultimate high (45.3%) and ultimate low 
(33.0%) occuring within the genus Thamnophis, the former value also 
being shared by Storeria occipitomaculata. In all genera the rela­
tive width of the insertion is not as variable as its width of 
origin or belly.
8. API and AP2 origin (Table 1). The origin of these muscles is 
relatively broad in Natrix, Regina, Thamnophis, and Adelophis, all 
but seven species having a mean in excess of 40%. The ultimate 
high value (54.0%) occurs in Natrix taxispilota and the penultimate 
high (51.4%) in Thamnophis eques. The origin is narrower in Tropi­
doclonion, Seminatrix, Storeria, and Virginia striatula, all of which 
have values falling near 35%. The ultimate low (28.0%) occurs in 
Virginia valeriae and the penultimate low (29.0%) in Clonophis 
kirtlandli.
9. API & AP2 belly. There does not appear to be any great degree of 
variation in the width of the belly of these muscles, most species
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having means ranging from 30-35%. The ultimate high (47.0%) occurs 
in Thamnophis scalaris and the penultimate high (40.7%) in Virginia 
striatula. The ultimate low (25.8%) occurs in Clonophis kirtlandii 
and the penultimate low (27.4%) in Regina septemvittata.
10. Pts. Total length (Table 1). The mean of the relative length of 
this muscle in most North American natriclnes except Storeria dekayi 
and eleven species of Thamnophis is in excess of 70%. The ultimate 
high (84.7%) occurs in Regina rigida and the penultimate high (80.0%) 
in Natrix sipedon. Both the ultimate low (65.7%) and penultimate
low (66.0%) values occur in Thamnophis.
Pts* Belly. The relative width of the belly of this muscle at 
the posterior region is greatest in Natrix, both the penultimate 
high (24.0%) and the ultimate high (26.7%) occuring within that genus. 
Except for Regina rigida, Thamnophis eques, and Seminatrix, all other 
taxa have means less than 20%. The ultimate low (12.7%) occurs in 
Storeria dekayi and the penultimate low (13.8%) in Tropidoclonion.
12. PtsA origin (Table 1). The origin of this muscle is relatively
broad in Virginia, both the ultimate high (43.2%) and the penultimate
high (39.6%) occuring within this genus. The means of most North 
American natricine species range from 32-36%; however the means of 
two species of Thamnophis and two species of Regina range from
27.0-30.7%, the ultimate low (27.0%) occuring in Regina grahamii and 
the penultimate low (27.3%) in Thamnophis rufipunctatus.
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B. Constrietores dorsales (Figs. 67-75)
The dorsal constrictors, which engage in various kinds of 
movements of the vomer, palatine, pterygoid, and quadrate during 
various phases of deglutition, show the least degree of variation 
among the cranial muscles, hence appear a conservative group of 
muscles.
Absolute Variation
1. M. retractor pterygoidei. The name "retractor pterygoidei" is 
not really appropriate for this muscle in natricines, because it 
inserts entirely upon the palatine bone instead of the pterygoid in 
all taxa examined. This muscle also Inserts on the palatine in 
Elaphe (Albright and Nelson, 1959). However, it inserts on both 
palatine and pterygoid in Heterodon and Xenodon (Weaver, 1965, and 
Anthony and Serra, 1951, respectively), and palatine and ectoptery- 
goid in Azemiops (Liem, Marx, and Rabb, 1971). The insertion of M. 
retractor pterygoidei seems to be variable among serpents, with a 
palatine rather than a pterygoid insertion seemingly more common.
The main function of this muscle, in conjunction with the M. retractor 
vomeris, is to draw the palatine and nasal complex down and back dur­
ing closing of the mouth. However, since the palatine is articulated 
to the pterygoid bone, retraction of the palatine also will bring 
about the medial rotation of the pterygoid. I suggest that the name 
"retractor palatini" or perhaps "retractor palato-pterygoidei,"
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depending on the actual insertion and function of this muscle in 
different taxa, would be more appropriate.
2. M. protractor pterygoidei. The origin of this muscle from the 
sphenoid is variable among the natriclnes. The muscle from each side 
of the cranium meet on the midventral line of the sphenoid in all 
genera except Storeria and Clonophis. The gap between the muscles 
on the midventral sphenoid is greater in the latter. The origin 
from the midventral sphenoid is broadest in Virginia and Adelophis, 
the width of the origin ranging from 25-35% of the length of the 
palatopterygoid in the former, and 25-40% in the latter. In all 
other North American natricine taxa the value for this is 15% or 
less.
There is no insertion of this muscle on the articular process, 
the statement of Smith, Oldham, and Miller (1970) in Natrix rhombi­
fera to the contrary. The insertion is along the dorsomedial sur­
face of pterygoid in all natricine taxa examined.
Proportional Variation
1. PQ origin (Table’ll). The relative width of the origin o f (this 
muscle is highly variable within Regina and Natrix; the means rang­
ing from 18.8-32.0% in the former and 21.8-37.3% in the latter. The 
high extreme value occurs in Natrix taxispilota and the penultimate 
high in Regina alleni. The ultimate low (18.0%) occurs in Adelophis, 
and the penultimate low (18.7%) In Thamnophis cyrtopsls, the latter
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value being very close to that of Regina septemvittata. Thamnophis 
brachystoma and Storeria occipitomaculata share Identical means.
2. PPt Insertion (Table II). The insertion of this muscle is rela­
tively broad In Natrix, Regina, Tropldoclonlon, Seminatrix, Clono­
phis, and Thamnophis nigronuchalls, all species having means near 
40%. Both the high extreme (53.5%) and the penultimate high (48.3%) 
occur within the genus Natrix. All species of Thamnophis (save 
nigronuchalls), Adelophis, Storeria, and Virginia have means rang­
ing from 31.2-39.0%. The ultimate low value occurs in Storeria 
occipitomaculata and the penultimate low (32.4%) in Thamnophis 
chrysocephalus.
3. LPt insertion (Table II). The insertion of this muscle is 
relatively broad in Natrix and Regina, both the penultimate high 
(63.5%) and high extreme (68.0%) occuring within the genus Natrix. 
All species of Natrix, and two species of Regina have mean values 
of 56% or more. The means of the other North American natriclnes 
range from 44.0-54.5%. Both the ultimate low and the penultimate 
low (45.0%) values occur within the genus Thamnophis.
4. RPt insertion (Table II). There does not appear to be a taxor 
nomically consistent pattern of variation in the relative width of 
this muscle's Insertion, both the high extreme (27.8%), and a value 
(18.0%), which closely approaches the low extreme, occuring within 
the genus Thamnophis. The ultimate low value (17.8%) occurs in 
Regina grahamii.
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5. RV length (Table II). There does not appear to be a taxonomically 
consistent pattern of variation In the relative length of this mus­
cle's fleshy region, the high extreme (27.3%), the penultimate high 
(26.0%), and the ultimate low (18.0%) values all occuring within the 
genus Thamnophis. The ultimate low value in T. sir tails is shared 
also by Natrix harteri and Regina alleni.
C. Constrictores ventrales (Figs. 76-93)
Absolute Variation 
The ventral constrictors, which mainly help the lateral rotation 
of the mandible during opening of the mouth, take origin from the 
median raphe and insert on the mandible. The confusing synonyms and 
the paucity of information regarding the homology of the inter-mandi­
bular muscles must have lead Adams (1925) and Cowan and Hick (1951) 
to reverse the terms, origin and insertion of these muscles. Lange- 
bartel (1968) avoided the terms origin and insertion and referred 
only to "attachment." I have followed the terminology of Albright 
and Nelson (1959). There is a remarkable uniformity regarding the 
subdivisions of the primordial intermandibular sheet, and its origins 
and insertions among the natricine taxa examined. A few comments 
about statements made by Cowan and Hick (1951) regarding variation 
of these muscles, seem to be appropriate here.
1. M. intermandibularls anterior. Cowan and Hick (refering to Adams, 
1925) reported a partial division of this muscle in Natrix cyclopion,
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and a "complete division of the seemingly more primitive structure" 
in Thamnophis. They stated that "the condition of Natrix, then, 
would seem to be a phylogenetic stage in this particular speciali­
zation." I found the M. intermand. anterior to be completely divided 
in all natricine taxa examined.
The special set of fibers of the pars glandularis division of 
this muscle, which I have described for Natrix cyclopion (page 21), 
originates from the midventral raphe medial to the posterior part of 
the lateral sublingual gland in all natricine taxa examined. Neither 
Adams (1925) nor Cowan and Hick (1951) mentioned this set of fibers.
2. M. transversus branchialis. In all natriclnes examined this mus­
cle has two slips, a mucosalis division (TB1), and a glandularis divi 
sion (TB2). Cowan and Hick (1951) apparently failed to locate the 
mucosalis slip, which is an extremely thin, flat muscle easily lost 
in dissection. They reported that the "muscle has: lost entirely its 
origin [actually the insertion] on the mandible." Assuming that the 
glandularis slip is the sole part of the M. trans. branchialis and 
its attachment on the buccal membrane an allegedly "new origin," they 
present a lengthy discourse on its functional significance. Their 
explanation seems to be unsatisfactory, because the muscle inserts 
not on the buccal membrane, but directly on the lateral sublingual 
gland. Langebartel (1968) has named the muscle the "dilator" of the 
sublingual gland, which seems to be functionally appropriate.
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Proportional Variation
1. IA1 & IA2 origin (Table III). The origin of these slips is 
relatively narrow in Natrix and Regina, all species except R. sept- 
emvittata having means ranging from 22-27%. Three species of Tham­
nophis also fall within this range. The ultimate low (22.0%) occurs 
in Natrix erythrogaster, and the penultimate low value (22.7%) is 
shared by N. fasciata and Regina grahamii. The high extreme (37.0%) 
occurs in Storeria occipitomaculata and the penultimate high (36.4%) 
in Virginia striatula. All the rest of the North American natriclnes 
have means ranging from 28.2-33.3%.
2. IA1 & IA2 insertion. The insertion of these slips is relatively 
broad in Virginia and Storeria, all species of which having a mean 
in excess of 17%; the high extreme (22.0%) occurs in Storeria dekayi 
and the penultimate high (20.8%) in Virginia valeriae. The means of 
Adelophis and Tropidoclonion fall near 16%. The mean values of all 
other North American natricine genera range from 11.0-15.6%. The 
ultimate low (11.0%) occurs in Natrix rhombifera, values only slightly 
higher being shared by N. taxispilota. two species of Regina, and 
four species of Thamnophis.
3. TB1 & TB2 origin (Table III). The relative width of the origin
of these slips in Storeria, Virginia, Clonophis, Natrix erythrogaster, 
Regina rigida, and all but two species of Thamnophis have a mean 
about 15% or more. The high extreme (22.2%) occurs in Virginia val­
eriae and the penultimate high (20.3%) in Storeria dekayi. The mean
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values of all species of Natrix (save erythrogaster),;all species 
Regina (save rigida), two species of Thamnophis, Tropidoclonion, 
Adelophis, and Seminatrix range from 9.3-14.0%. The ultimate low 
value occurs in Regina alleni and penultimate low (10.3%) in Natrix 
taxispilota.
4. IP1 origin (Table III). There does not appear to be a taxonomically 
consistent pattern in the relative width of this muscle's origin,
both the ultimate low (12.0%) and high (25.8%) values occuring within 
the genus Regina; both the penultimate low (16.6%) and high (23.5%) 
values occur within the genus Thamnophis.
5. IP1 Insertion. There does not appear to be a taxonomically 
consistent pattern in the relative width of this muscle's insertion, 
both the ultimate low (9.4%) and a value (29.0%) very close to the 
high extreme occuring within the genus Regina. The penultimate low 
(13.7%) occurs in Storeria occipitomaculata and the ultimate high 
(29.8%) in Tropidoclonion. The species of Natrix are consistent in 
having means in excess of 20.5%, thus tending to have a broader 
insertion than in most other North American natriclnes.
6. IP2 origin (Table III). The origin of this muscle is relatively 
broad in Regina, three species having a mean in excess of 41%, a 
feature shared by two species of Natrix and four Thamnophis. There 
is great variability in Natrix and Thamnophis with regard to this 
origin. The high extreme (46.0%) occurs in Regina,alleni and the 
penultimate high (44.8%) in Thamnophis chrysocephalus. Tropidoclon­
ion, Storeria, Virginia, Regina septemvittata, three species of Natrix
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and most species of Thamnophis have means ranging from 35-40%. The 
mean values do not exceed 33% in Adelophis. Seminatrix, Clonophis, 
three species of Natrix, and Thamnophis brachystoma (the low extreme 
29.7% occurs in the latter).
7. IP2 insertion. The insertion of this muscle is relatively 
narrow in Regina, most Natrix, Clonophis, and two species of Thamno- 
phis, the mean values generally falling below 16%. The ultimate low 
(9.4%) occurs in Natrix harteri, and the penultimate low (10.4%) in 
Regina rigida. Storeria, Tropidoclonion, Seminatrix, Virginia, 
Adelophis, most Thamnophis, and two species of Natrix have means in 
excess of 17%. The high extreme (28.6%) occurs in Virginia striatula 
and the penultimate high (24.2%) in Tropidoclonion.
II. VARIATION OF FACIAL MUSCULATURE (Figs. 10-66)
Absolute Variation
1. M. depressor mandibulae. This muscle, which is the chief depressor 
of the mandible, may have as many as six different origins: a. quad­
rate; b. supra temporal-quadrate articulation; c. ligament of the lat­
eral supraoccipital crest; d. posterior region of the supraoccipital 
bone or the fascia over it; e. supratemporal bone proper; and f. fascia 
over the dorsal spinal muscles of the neck region. None of the nat­
ricine snakes possesses all six slips. Cowan and Hick (1951) stated 
that in Thamnophis ordinoides the majority of fibers arise on the
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exoccipital bone. An exoccipltal origin for this muscle is not 
present in any of the natricine taxa I have examined, including T. 
ordinoldes.
The intergeneric differences in the general location of the 
M. depressor mandibulae in relation to the parietal bone, supraoc­
cipital ligament, and supratemporal-quadrate ligament, are readily 
apparent. Storeria (Fig. 15, 61-62) differs from all other taxa 
examined in having the origin of this muscle very close to the 
posterior edge of the parietal. In Tropidoclonion, Virginia, Semi­
natrix and Adelophis (Figs. 59-60, 63-65). the origin of this mus­
cle is not as close to the parietal as in Storeria. In Natrix, 
Regina, and Clonophis, (Figs. 28-39, 66) the origin of the depressor 
mandibulae lies entirely posterior to the parietal and lateral to 
the supraoccipital ligament or fascia; these three genera differ 
from all other taxa in having no part of the depressor mandibulae 
originating anterior to the supratemporal quadrate ligament. Thamno­
phis (Figs. 40-58) differs from Natrix, Regina, and Clonophis. but 
resembles the rest of the genera in having some fibers of the muscle 
also originating anterior to the supratemporal-quadrate ligament.
a . and b . Origins from the quadrate and the supratemporal- 
quadrate articulation. All the natricine taxa examined have these 
two slips, which are remarkably constant. These are the internal 
slips, and comprise the major origins of the depressor mandibulae.
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c. Origin from the ligament of the lateral supraoccipital 
crest: A tough, distinct supraoccipital ligament is seen only in 
Natrix, Regina, and Thamnophis. In Regina, however, no muscle fibers 
originate from it.
The origin from this ligament is variable among the species of 
Natrix. This origin is present in N. valida, N. fasciata, and N. 
harteri, all of which have only a narrow origin from the ligament, 
and N. erythrogaster, in which the slip is broadest. In Natrix 
(Figs. 28-35) there are two types of ligament according to its shape 
and size. In N. harteri, N. taxispilota, and N. rhombifera, the 
supraoccipital ligament is more or less triangular. In the other 
species of Natrix the ligament is crescentic. In Regina (Figs. 36-39) 
the shape of the ligament is more variable than in Natrix. R. gra­
hamii and R. septemvittata have a broad triangular ligament; in R. 
alleni the ligament is an attenuated triangle with the broad end fit­
ting against the quadrato-supratemporal articulation and the narrow 
end lying over the supraoccipital bone. R. rigida possesses the 
broadest ligament, which is nearly rectangular in shape.
This muscle has, in all species of Thamnophis examined, an origin 
from the supraoccipital ligament, which in general is triangular. The 
slip from the supraoccipital ligament is narrowest in T. sirtalis and 
broadest in T_. melanogaster.
d. Origin from the posterior region of the supraoccipital bone
or the fascia lying over it: In all taxa examined, save Natrix, Regina,
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and Thamnophis, the supraocclpital slip originates either from the 
supfaoccipltal bone proper or the fascia lying over it. However, in 
Thamnophis scalar is, I have noticed a narrow slip arising also from 
the posterior region of the supraocclpital bone proper.
In Storeria occipitomaculata the supraocclpital slip is narrow, 
and takes origin from the posterolateral border of the blunt, broad 
supraocclpital crest, while in Ŝ. dekayi the slip is broad and origi­
nates from the supraocclpital bone proper, since it lacks a crest.
In .S. occipitomaculata many superficial fibers of the M. depressor 
mandibulae are also attached to the edge of the parietal by fascia; 
this is not so in Ŝ. dekayi.
In Virginia valeriae the slip from the supraocclpital is narrow, 
and takes origin from only the fascia over the blunt, broad supraoc- 
cipital crest, while in V_. stria tula this slip is broad, and origi­
nates from the supraocclpital bone proper, since it lacks a crest.
In Seminatrix pygaea the muscle has a broad origin from the 
supraocclpital bone proper and the fascia attached to the crest. 
Clonophis kirtlandii differs from Katrix and Regina in not having a 
triangular supraocclpital ligament. Hence in Clonophis the supraoc- 
cipital slip originates from the thin fascia lying over the supraoc- 
cipital crest.
e. Origin from the supratemporal bone proper: In all genera
examined, save Natrix, Regina, and Semina trix, there is an origin 
directly from the supratemporal bone. This origin is variable among
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the species of Thamnophis. This type of origin is present in only 
9 of the 19 species of Thamnophis examined: sauritus, brachy-
stoma, T. ordinoides, T. couchii, T_. elegans, T_. chrysocephalus, 
cyrtopsis, T. nigronuchalis, and T . butleri.
Clonophis kirtlandii differs from Natrix and Regina in 
having an origin from the fascia lying over the supra temporal bone.
f . Origin from the fascia over the dorsal spinal muscles of the 
neck region: Adelophis foxi differs from all other North American
natricines in having some fibers of the M. depressor mandibulae also 
arising from the fascia lying over the dorsal spinal muscles of the 
neck region.
2. M. constrictor colli. This muscle, which is irregularly present 
and in a regressive stage in many ophidians, is present in all natri- 
cine taxa examined. This muscle, which is the chief constrictor of 
the pharynx, and also the one which counteracts the pull of the hyoid 
head of the M. neuro-costo-mandibularis, has a variable origin and 
insertion. There are two origins; the first and major origin, which 
is common to all taxa examined, is from an aponeurosis lying over the 
dorsal part of the MM. depressor mandibulae, retractor quadratl, and 
the spinal musculature of the neck region.
The second origin, which is variable and inconsistent in North 
American natricines, is from the distal, lower end of the quadrate. 
This slip is broad in Natrix, but slender in all other taxa examined. 
The quadrate origin is nearly always present in Natrix and Thamnophis
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(save T. ruflpunctatus). The general tendency of all other North 
American natrlcine genera Is to possess the quadrate slip; but 
occasional absence of It Is found In all.
In Natrix and Regina, and nine species of Thamnophis the fleshy 
region of the M. constrictor colli does not reach the mid-dorsal 
line of the nape, and the muscle has the appearance of a half ring 
about the throat region; In the rest of the genera the fleshy part 
of the muscle almost reaches the mid-dorsal line of the nape to form 
a complete ring.
There are two Insertions; the posterior Insertion Is on the 
anterior part of the hyoid cornua, and lies ventral to the origin of 
the hyold head of the M. neuro-costo-mandibularis (NCM3). The ante­
rior insertion of the M. constrictor colli is on the median raphe 
anterior to the fused hyoid cornua. This Insertion is present In 
all natrlcine taxa examined except Natrix fasciata, Regina alien!, 
Thamnophis couchii, T. ordlnoides, T_. radix, and £. dekayi. Two of 
the four specimens of Natrix sipedon examined do not possess this 
insertion.
3. M. retractor quadrat!. This muscle, which is the chief retractor 
of the mandible during closing of the mouth, has a variable origin 
from the aponeurosis lying over the anterior neural spines.
The origin of the M. retractor quadrati (Figs. 28-66) in Natrix 
cyclopion, N. fasciata, and N. rhombifera arises from neural spines of 
the dorsal vertebrae 3-6; in N. harteri, 3-7; in N. sipedon, N.
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erythrogaster and N. taxispilota, 4-7; In N. vallda, 2-5; in Regina 
septemvittata, 4-7; in R. grahamii and R. alleni, 3-7; in R. rigida, 
3-6; in Thamnophis marcianus, 3-5; in T_. brachystoma, T. ordinoides,
T.. radix, £. rufipunctatus, T. sauritus, T. cyrtopsis, T. sea laris. 
and T. nigronuchalls, 3-6; in T_. godmani*-, T_. butleri, and £. melano- 
gaster, 3-7; in T. chrysocephalus, T. elegans, eques, T. proximus, 
T. sumichrasti, and T. couchii, 4-7; and in T.* sir tails, 4-8; in 
Adelophis foxi, 3-7J in Clonophis kirtlandii, 4-7; in Seminatrix 
pygaea, 4-8; in Storeria dekayi, 2-5; in S_. occipitomaculata, 2-4; 
in Virginia striatula, 3-6; in V. yaleriae, 2-6; and in Tropidoclonion 
lineatum, 2-9.
Tropidoclonion has the broadest M. retractor quadrati, and the 
largest number of neural spines (8) at its origin, while Thamnophis 
marcianus and Storeria occipitomaculata have the 'least number (3). ..
Proportional Variation
1. DM belly (Table IV). The belly of this muscle is narrowest in 
Clonophis and Regina rigida, the former having the penultimate low 
value (26.0%) and the latter ultimate low value (25.8%). Two species 
of Thamnophis also have mean values less than 30%. The mean values 
of most species of Thamnophis and Regina, all species of Natrix, Tro­
pidoclonion, and Storeria dekayi range from 30-39%. The belly is
Douglas A. Rossman is currently investigating the relationships 
of the Thamnophis scalris complex and has evidence that T_. godmani 
is specifically distinct.
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broader in Virginia, Seminatrix, Storeria occipitomaculata, and two 
species of Thamnophis, all of which have means ranging from 40-45%, 
and broadest (61.3%) in Adelophis foxi.
2. RQ origin (Table IV). The origin of this muscle is distinctly 
broadest (78.0%) in Tropidoclonion. The origin is also relatively 
broad in Regina, three species having a mean in excess of 50%, as 
does Virginia valeriae and four species of Natrix. The origin is 
highly variable in Natrix, both the penultimate low (31-8%) and 
penultimate high (58.0%) values occuring within the genus. There is 
great variability also in Thamnophis. Ten species of Thamnophis 
have means ranging from 40.4-49.6%, values agreeing closely with 
those of Clonophis, Seminatrix, Regina rigida, Virginia striatula, 
and three species of Natrix. The means of seven other species of 
Thamnophis range from 34.7-39.2%, values agreeing closely with 
those of Adelophis and Storeria. The ultimate low value (29.2%) 
occurs in Thamnophis nigronuchalis.
3. C£ origin (Table IV) . The values of Natrix and Regina are not 
given in the table because of the difficulty in accurately measuring 
the width of the origin of the M. constrictor colli. Hence, for 
Natrix and Regina only approximate values of the belly of this muscle, 
measured as close to the origin, have been utilized for comparison.
There does not appear to be a taxonomically consistent pattern of 
variation in the relative width of this muscle's origin, both the 
penultimate high (52.2%) and ultimate low (29.0%) occuring within the
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genus Thamnophis« Natrix sipedon has a mean very close to the 
penultimate high; the high extreme (54.0%) occurs in N. taxlspilota. 
Most species of Thamnophis, four species of Natrix, Regina rigida, 
Storeria occipitomaculata, Tropidoclonion, Adelophis, Virginia, 
Clonophis, and Seminatrix have means generally ranging from 40 to
/
50%. Three species of Regina, two species of Natrix, two species of 
Thamnophis, and Storeria dekayi have means ranging from 32.0-37.7%.
4. CC insertion on the hyoid cornua (Table IV). For all taxa except 
Natrix and Regina, this value is same as the value for NCM3 (origin 
on hyoid); so the reader should refer also to table V.
The insertion of the M. constrictor colli on the hyoid cornua 
is relatively broad in four species of Natrix, all having means in 
excess of 25%. The high extreme (34.7%) occurs in N. taxlspilota.
The rest of the species of Natrix, all species of Regina (save R. 
septemvittata), and six species of Thamnophis have means ranging from
18.0-23.4%. However, the means of most species of Thamnophis range 
from 11.7% (the ultimate low in 2L. chrysocephalus) to 17.8% values 
agreeing closely with those of Tropidoclonion, Adelophis, Storeria, 
Virginia, Clonophis, Seminatrix, and Regina septemvittata.
5. CC insertion on the raphe (Table IV). The natrlcine species which 
lack this insertion have already been mentioned (page 60). This 
insertion is only inconsistently present in Natrix sipedon, Storeria 
occipitomaculata, Thamnophis chrysocephalus, T . sirtails, T_. sumlch- 
rasti, T . proximus, T. sauritus, T\ nigronuchalis, T. rufipunctatus,
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T. marcianus, and T. eques. In taxa which possess this Insertion 
consistently, there is not much intra- and lntergeneric variation 
with regard to the width of this muscle. Both the ultimate high 
(15.0%) and penultimate high (12.3%) occur in Natrix. The means of 
the rest of the natrlcine taxa range from the ultimate low (3.0%) 
in Thamnophis sirtalis to 9.7% in Tropidoclonion.
III. HYPOBRANCHIAL-SPINAL MUSCULATURE
A. Glosso-tracheal muscles (Figs. 76-93)
Absolute Variation
1. M. hyotrachealis. The origin of this muscle has three different 
forms in North American natricines: a. Natrix and Regina show a 
bifid origin, the medial head attaching to the hyoid cornua and the 
lateral head to the deep face of the neuro-costo-mandlbular inscrip­
tion, b. Tropidoclonion and Virginia striatula have only the lateral 
origin, and c. the rest of the natrlcine taxa have only the medial 
origin.
2. H. genioglossu8. In all natrlcine taxa examined there are two 
origins as described for Natrix cyclopion (page 28), The insertion 
of this muscle to the tongue sheath by fascia also shows little 
variability. In natricines the genloglossi, which are rather lunate 
or crescentic in cross section, fits over the curved lateral faces of 
the tongue. The genloglossi are broad and thick, in fact relatively 
bulkiest in Virginia valeriae.
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3. M. hyogloasus. The origin and insertion of this muscle are 
uniformly consistent among all species studied and have already been 
described (page 27). In New World natricines the hyoglossi are firmly 
attached only to the posterior one-tenth or one-twelfth of the hyoid 
cornua. Each hyoglossus is usually also bound to its cornu by 
fascia for about one-half the length of the cartilage, but this attach 
ment is not strong. Virginia possesses a relatively stout M. 
hyoglossus.
B. Cervical Muscles (Figs. 76-93)
Absolute Variation
1. M. neuro -co s to -mandibular is. The evolutionary trend toward the 
incorporation of the three heads, the vertebral, costal, and hyoid, 
to form the neuro-costo-mandlbular complex in higher snakes is 
found in natrlcine snakes also. In all New World natrlcine taxa 
examined the insertion and origin of these slips are the same as I 
have described for Natrix cyclopion (page 31) . The "inscriptio 
tendinis," a narrow connective tissue band, which marks the junction 
of the three slips of this muscle complex, is present in all taxa 
examined.
a. Vertebral head (NCMl) . The origin of the vertebral head in Natrix 
cyclopion, N. fasciata, and N. rhombifera arises from neural spines 
of dorsal vertebrae 7-9; in N. harteri, N. sipedon, N. erythrogaster,
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and N. taxlspilota, 8-10; and In N. vallda, 6-8; In Regina grahamti, 
and R. septemvittata, 7-9; In R. rigida, 6-8; and R. alien!, 8-10; 
in Thamnophis marcianus, 5-7; in T. br achy stoma, T . ordlnoides, T. 
radix, T. ruf ipunctatus, and sauritus, 6-8; in T. cyrtopsis, T̂ . 
scalar is, T. nigronuchalis, T̂. godmani, T . butler i, T . chrysocephalus, 
T. elegans, T. eques, and proximus, 7-9; in T. sumichrasti, 7-10; 
and in T. melanogaster, T. couchii, and T. sir tails, 8-10; in Adelo­
phis foxi and Clonophis kirtlandii, 7-9; in Semina trix, 8-10; in
Storeria dekayi, 5-7; and in S_. occipitomaculata, 4-6; in Virginia, 
6-8; and in Tropidoclonion, 9-11.
b. Costal head (NCM2) . Among the New World natricines the origin is 
by slips from approximately the first seven anterior ribs. The exact 
number of ribs providing attachment for the slips is difficult to 
ascertain, because posteriorly these slips tend to taper off into the 
M. costo-cutaneous inferior, and also mingle with other adjacent 
trunk muscles. The general trend is for these slips to unite into 
two sheets: a superficial sheet whose fibers arise medially on the
most posterior of the ribs involved in the origin and also on the
fascia of the underlying muscles; a deeper sheet, the more medial
part of which originates on ribs posterior to those from which the 
more lateral fibers arise. There is considerable variation as to
the origin of these slips, some ribs having only few fibers originat­
ing from them, while others may bear the origin of two slips.
c . Hyoid head (NCM3). In all taxa examined the two origins of this 
slip, a cornual origin and an origin from the median raphe, are
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present as described earlier (page 32). There is a confusing list 
of synonyms for the M. neuro-cos to -mandibular is, and its origin and 
insertion are not completely agreed upon by anatomists. Adams 
(1925) and Langebartel (1968) reversed the generally accepted usuage 
of the terms origin and insertion with regard to the neuro-costo- 
mandibular complex. The common insertion of this muscle in all 
natrlcine taxa examined is by a tough aponeurosis on the dentary. 
Langebartel (1968) himself reported that during electrical stimulation 
of this muscle "the hyoid remains relatively stationary during pro­
trusion [of the tongue]." The relatively stationary attachment of 
a muscle is usually considered to be the origin and not the insertion.
2. M. cervico-quadratus. In all species examined the origin of this 
muscle is on the skin and fascia of the neck region as described 
earlier (page 33). In one specimen of Thamnophis scalarjs (LSUMZ 
24577) a bifid origin is present. The additional origin in this 
specimen is on the fascia overlying neural spines 7 and 8, and is 
wedged between the origins of the vertebral head of the M. neuro- 
costo-mandibularis and retractor quadrati. The two slips fuse to 
form a single bundle before inserting on the quadrate. In all species 
the insertion on the quadrate is by a narrow, cord-like tendon. In 
two of the five specimens of Thamnophis melanogaster examined the 
insertion was not tendinous but fleshy.
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Proportional Variation
1. NCM1 origin (Table V). The origin of this muscle is relatively 
broad in Natrix, five species having a mean about 50% or more. The 
high extreme (55.0%) is shared by Natrix ery thro gas ter and N. taxi- 
spilota, and the penultimate high (54.4%) occurs in Thamnophis sirta­
ils. Thamnophis seems to have highly variable width for the origin 
of this muscle, and falls into three main groups (broad, medium, and 
narrow) with a few transitional forms. Four species of Thamnophis 
have means of 50% or more. Six species of Thamnophis have means 
ranging from 40.0-46.8%, values agreeing closely with those of Semi­
na trix, Virginia valeriae, three species of Natrix, and all species 
of Regina (save R. rigida). The rest of the species of Thamnophis, 
save the three transitional forms, have means below 35%, values 
agreeing closely with those of Adelophis, Clonophis, Virginia stria- 
tula, and Storeria dekayi. The origin is narrowest in Storeria 
occiptimaculata (26%, the ultimate low), and Tropidoclonion (26.7%, 
the penultimate low).
2. NCM3 origin from the hyoid cornua (Table V). In all natrlcine 
taxa save Natrix and three species of Regina the width of the NCM3 
is equal to the width of the hyoid insertion of the M. constrictor 
colli. In Natrix and three species of Regina the dimensional 
relationship of these two muscles is variable. In most species of 
Natrix, Regina grahamii, and R. rigida the origin of NCM3 is broader, 
and in R. sep temvi t ta ta nar r ower, than the hyoid insertion of the M. • 
constrictor colli.
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The means of five species of Natrix with relatively broader 
NCM3 is in excess of 25.0%; the high extreme (33.0%) occurs in N. 
taxlspilota. The rest of the species of Natrix, five species of 
Thamnophis, and three species of Regina have means ranging from
20.0-23.4%; however, the means of most species of Thamnophis range 
from 11.7% (the ultimate low) to 20.0%, values agreeing closely with 
those of Tropidoclonion, Adelophis, Storeria, Virginia, Seminatrix, 
Clonophis, and Regina septemvittata.
3. NCM3 origin on raphe (Table V). The origin is broadest in four 
species of Natrix, all having means in excess of 24.4%. The high 
extreme (29.6%) occurs in N. rhombifera and the penultimate high 
(28.0%) in N. taxlspilota. The rest of the species of Natrix and 
four species of Thamnophis have means ranging from 16.7-20.0%, values 
agreeing closely with those of Tropidoclonion, Regina alleni, and 
R. grahamii. The origin is distinctly narrower in the other two 
species of Regina and in Adelophis. Virginia, Seminatrix, Clonophis. 
and eight species of Thamnophis (all of which have values ranging 
from 10.0-14.7%), and narrowest in Storeria and six species of Thamno­
phis. The ultimate low (7.4%) is shared by Thamnophis brachystoma 
and T̂. sumichrasti, and the penultimate low (7.8%) by T. ordinoides 
and T. sauritus.
DISCUSSION AND CONCLUSIONS
The character analysis method or character approach (Bailey,
1967), which I have adapted here to infer the intra- and intergeneric 
relationships of North American natricines, utllzes both the abso­
lute and proportional characters of the cranial musculature. With 
regard to absolute morphologic characters, intrageneric variation 
occurs only in Natrix, Thamnophis, Virginia, and Storeria. With 
regard to the proportions of a given muscle, however, there is so 
much individual and intrageneric variation that the proportional char­
acters are of only limited use in the deduction of phylogeny. Krogh 
and Tanner (1972) came to the same conclusion in their study of the 
throat myology of adult ambystomatid salamanders, although Hudson 
et al (1972) used the quantitative scoring of appendicular myology 
with some success in ascertaining the relationships of the bird family 
Tinamidae.
Taxonomic validity of the M. adductor externus superficialis
(Figs. 7-9)
The evolutionary modifications and variation of this muscle within 
the New World natricines was dealt with in detail on pages 35-40.
The usefulness of this muscle as a taxonomic tool is examined here.
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The character and condition of the M. add. ext. superficlalis has 
been widely used for classification and phylogenetic arrangement of 
snakes by Haas (1962) and by Underwood (1967 a & b). A levator 
anguli oris, the anterior slip of the superficial external adductor 
muscle, Is present In the majority of North American natricines, but 
varies considerably.
Underwood (1967 b) classified the possible conditions of M. add. 
ext. superficlalis as "primitive," "modified primitive," "partly 
simplified," and "fully simplified," progressing from what he con­
sidered to be the most primitive condition to the most advanced. In 
the "modified primitive" condition, as seen in most species of Regina, 
the superficial external adductor is made up of two slips, the ante­
rior division having a modified insertion onto the lower jaw instead 
of onto the rictus oris. In Regina (Fig. 8) the anterior division 
(levator anguli oris) has a bipartite appearance. It is interesting 
to note that Regina, although generally more specialized than Natrix, 
has a greater tendency to have a completely divided M. add. ext. 
superficlalis, wh:*?.h Underwood (1967 a & b) and Haas (1962) thought 
to be a primitve condition in snakes. In the "partly simplified" 
condition, the two slips of the M. add. ext. superficlalis are partly 
separated either at the origin on the postorbital bone or at the 
rictus oris and insertion. In the "fully simplified" condition the 
M. add. ext. superficlalis is made up of only a single slip.
Underwood (1967 b) digrammatlcally illustrated the various 
conditions of the M. add. ext. superficlalis in snakes. I find it
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difficult to place North American natricines precisely In any of 
these categories, since none of these Illustrations represents the 
condition In these snakes. Moreover, the criteria Underwood used 
in classifying the "partly simplified" condition into subdivisions 
are ambiguous.
The condition in Regina approximates Underwood's (1967 b) 
fig. 2. c, if a bipartite condition of the levator anguli oris is 
shown at the rictus oris and insertion. The condition in most species 
of Natrix and Thamnophis, and in Clonophis kirtlandii, approximates 
Underwood's fig. 2. e, if a levator anguli oris is clearly shown at 
the rictus oris. The condition in Seminatrix, Storeria, Tropido­
clonion, and Virginia approximates Underwood's fig. 2. h, if a 
fascial insertion of the muscle to the lower jaw is depicted. There 
is no figure in Underwood's illustrations to represent the condition 
in Adelophis foxi and Thamnophis brachystoma.
The assumption that the presence of a levator anguli oris is 
a primitive character may well be true, but caution should be expressed 
in giving it much phylogenetic significance, since extensive intra­
generic and intraspecific variation occurs within a small evolutionary 
unit like the Natrlcinae. Liem, Marx, and Rabb (1971) suggested that 
this muscle evolved independently in several taxa and its development 
has been suppressed in many stocks. The origin and relative position 
of the levator anguli oris vary substantially from one taxon to another, 
and its anatomical homology is far from clear. Underwood's (1967 a)
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definition of the family Natricidae stated that there is only a 
single M. add. ext. superficlalis corresponding to the posterior 
division (parietal slip). This would exclude the great majority of 
North American natricines from this family; in other words Underwood's 
statement that the levator anguli oris is absent in the Natricidae 
is not a unifying concept for this family.
Underwood (1967 b) stated that "most snakes that swallow large 
prey show simplification" of the M. add. ext. superficlalis. Among 
the natrlcine snakes of North America, however, it is in the small­
headed semifossorlal species, which mainly feed on small prey, that 
simplification or a tendency toward simplification is seen. The 
functional significance of.such simplification is not understood.
Evaluation of Character States 
To determine the evolutionary trends among the North American 
natrlcine genera, the myological characters must be evaluated as to 
their primitive (ancestral) or advanced (derived) states. The evalu­
ation method I have utilized here closely follows that of McDiarmid 
(1971). This kind of analysis assumes that those taxa having a greater 
number of primitive character states are nearer the ancestral stock 
than are those with a smaller number of primitive character states.
The evolutionary modifications in a character from a primitive 
to an advanced state have been evaluated according to the following 
postulates: (1) character states that are universal or of frequent
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occurence In modern groups or are widespread within the taxonomic 
group being studied are considered to be primitive; (2) character 
states that occur in modern species considered to be relatively primi­
tive on the basis of other characters^ are presumed to be primitive, 
if such a conclusion does not contradict the other postulates; (3) 
character states based on structures that show a reduction in num­
ber of parts or simplification of existing parts are considered to be 
advanced (derived) states. When the number of parts of an organism 
becomes reduced the remaining few parts tend to be greatly specialized 
in function. This postulate, known as Williston's Rule, does not 
assume irreversibility of characters.
To facilitate comparison of the genera in Table A (p. 81), each 
character is numbered and designated as being primitive (F) or 
advanced (A) according to one or more of the above postulates. In 
selecting characters for the analysis I have given greatest weight 
to the presence or absence of muscle slips, and to significant dif­
ferences in proportions. The character states are:
1). levator anguli oris of M. add. ext. superficlalis; nature 
of the separation —  four character states [pp. 71-72]:
P. modified primitive condition —  primitive.
A. partly simplified condition —  advanced.
Al. fully simplified condition with post orbital slip —  
advanced.
^1 have examined specimens of several Old World natrlcine taxa 
which have been considered to be relatively primitive (Malnate, 1960; 
Underwood, 1967a; Rossman, personal communications); the data for these 
specimens are presented in Table C of Appendix C.
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A2. fully simplified condition with a lack of post 
orbital slip —  advanced.
2). M. add. ext. superficlalis; relative width of the post 
orbital slip —  three character states [pp. 44-45]^:
P. broad —  primitive.
A. very narrow —  advanced.
Al. absent —  advanced.
3). M. add. ext. superficlalis; fascial insertion to the quadrate 
bone —  two character states [p. 39]:
P. absent —  primitive.
A. present —  advanced.
4). M. pseudotemporalis; positional relationship to the orbit —
. two character states [p. 43]:
P. touches the posterior border of the orbit —  primitive. 
A. does not touch the posterior border of the orbit —  
advanced.
The advanced state of this character seems to be correlated with 
a relatively short anterior portion of the skull and a relatively 
elongated anterior portion of the braincase.
5). M. pseudotemporalis; relative width of the origin —  three 
character states [p. 43]:
P. very broad muscle, occupying 100% of the space between 
anterior end of the supratemporal bone and posterior 
border of the post orbital bone —  primitive.
1-Page numbers refer to the section on variation in cranial muscu­
lature, where an explanation of each character is given.
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A. medium-sized muscle, occupying 50% of the space 
mentioned above —  advanced.
Al. very narrow muscle, occupying 25% of the space —  
advanced.
6). M. add. ext. medialis; origin from the supratemporal- 
quadrate ligament —  two character states [p. 40]:
P. present —  primitive.
A. absent —  advanced.
JO. M. add. ext. medialis; origin from the anterior part of the 
supraoccipital bone proper —  four character states [p. 40]: 
P. presence of a broad slip directly from the bone —  
primitive.
PI. presence of a narrow slip directly from the bone —  
primitive.
P2. presence of a slip indirectly from the fascia over 
the bone —  primitive.
A. absence of the slip —  advanced.
8). M. add. ext. medialis; origin from the anterior part of the 
supraoccipital crest —  two character states [p. 40]:
P. absent —  primitive.
A. present —  advanced.
9). M. add. ext. medialis; origin from the supraocclpital liga­
ment —  two character states [ p. 42]:
P. present —  primitive.
A. absent —  advanced.
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10). M. add. ext. medialis; origin from the supratemporal 
bone —  two character states [p. 43]:
P. absent —  primitive.
A. present —  advanced.
11). M. protractor pterygoidei; position of origins relative 
to each other —  two character states [p. 49]:
P. origins appose on median line ■—  primitive.
A. origins widely separated along the median line —  
advanced.
12). M. protractor pterygoidei; relative width of the origin —  
two character states [p. 49]:
P. narrow; width less than 15% as long as the palato- 
pterygoid bone —  primitive.
A. broad; width 25-45% as long as the palatopterygoid 
bone —  advanced.
13). M. depressor mandibulae; width of the belly —  two character 
states [p. 61]:
P. medium-sized (width 25-45% as long as the; space
between the post orbital bone and the quadrato-man- 
dibular articulation) —  primitive.
A. very broad (width more than 60% as long as the space 
mentioned above) —  advanced.
14). M. depressor mandibulae; origin from the supraoccipital 
ligament —  two character states [p. 55]:
P. present —  primitive.
A. absent —  advanced.
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15). M. depressor mandibulae; origin from the posterior part
of the supraocclpital crest —  two character states [p. 57]: 
P. absent —  primitive.
A. present —  advanced.
16). M. depressor mandibulae; origin from the posterior part
of the supraoccipital bone proper —  two character states
[p. 57]:
P. absent —  primitive.
A. present —  advanced.
17). M. depressor mandibulae; origin from the supratemporal bone 
proper —  two character states [p. 58]:
P. absent —  primitive.
A. present —  advanced..
18). M. depressor mandibulae; origin from the fascia over the
dorsal spinal muscles of the neck —  two character states
[p. 59]:
P. present —  primitive.
A. absent —  advanced.
This is a highly questionable character; according to postulate 
1 the presence of this slip in Adelophis would be a primitive condi­
tion. Since no other North American natricines possess this slip, 
a more likely alternative is that this slip has been reacquired by 
Adelophis.
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19). M. depressor mandibulae; general location of the anterior 
part of the muscle —  three character states [p. 55]:
P. posteriormostt position (i,.e_. the origin lies entirely 
posterolateral to the supratemporal-quadrate liga­
ment —  primitive.
A. anterior position (I.e.. the origin lies anterior to 
the supratemporal-quadrate ligament, but not as 
close to the parietal border as in condition A1 
below) —  advanced.
Al. anteriormost position (i.es. the origin lies closest 
to the parietal bone, having some fibers also 
originating from the parietal border) —  advanced.
20). supraoccipital ligament; —  three character states [p. 57]:
P. present, lying very deep (i.e. not visible on the 
surface) —  primitive.
PI. present, lying superficially (i.e. visible on the 
surface) —  primitive.
A. absent —  advanced.
21). M. retractor quadrati; origin —  two character states
[p. 62]:
P. medium-sized; width about 28-58% as long as the 
bralncase —  primitive.
A. extremely broad; width more than 78% as long as the 
bralncase —  advanced.
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22). M. constrictor colli; quadrate origin —  three character 
states [p. 59]:
P. broad (i.,e. 50-75% as long as the quadrate bone) —  
primitive.
A. medium-sized (i.e., about 20-30% as long as the quad­
rate bone) —  advanced.
Al. very narrow (i.e. > less than 15% as long as the 
quadrate) —  advanced.
23). M. intermandibularis posterior: pars anterior; origin —
three character states [p. 54]:
P. anterior —  primitive.
A. medial —  advanced.
Al. posterior —  advanced.
24). M. hyotrachealis; origin —  three character states [p. 64]:
P. bifid (i_.ê .» both medial and lateral origins present) —  
primitive.
A. single (i..e., only the medial origin present) —  
advanced.
Al. single (i..e., only the lateral origin present) —  
advanced.
Intergeneric Relationships
In Table A the distribution of 57 character states among the nine 
North American natrlcine genera is listed. Natrix has the greatest 
number of the 26 primitive character states with 23, followed by
TABLE A. DISTRIBUTION OF 24 CHARACTERS AMONG THE NORTH AMERICAN NATRICINE SNAKES.
Characters* 1 2 3 4 5 6
Natrix P,A P P P A P
Regina P P P A A P
Thamnophis P,A,A2 P,A1 P,A P P,A,A1 P
Seminatrix Al P P P A P
Adelophis A2 Al P A A P
Tropidoclonion Al P P P A P
Clonophis A A P P Al P
Virginia Al P P P A P
Storeria Al P P P,A A P
7 8 9 10 11 12
Natrix P,P2,A P P P P P
Regina A P P P P P
Thamnophis P,P2 P P P P P
Seminatrix P P A P P P
Adelophis P A A P P A
Tropidoclonion P P A A P P
Clonophis P2 P A A A P
Virginia P,P1 P A A P A
Storeria P,A P A A A P
♦Characters numbered as tinder the heading "evaluation of character states." A=advanced state, 
Al, A2=different advanced states, P=primitive state, PI, P2=different primitive states.
TABLE A. (continued)
Characters* 13 14 15 16 17 18
Natrix P P,A P P P A
Regina P A P P P A
Thamnophis P P P P,A P,A A
Seminatrix P A A A P A
Adelophis A A A P A P
Tropidoclonion P A A P A A
Clonophis P A A P A A
Virginia P A P,A P,A A A
Storeria P A P,A P,A A A
19 20 21 22 23 24
Natrix P PI P P P P
Regina P PI P A P P
Thamnophis A PI P Al A A
Seminatrix A A P Al A A
Adelophis A A P Al A A
Tropidoclonion A A A Al A Al
Clonophis P A P Al A A
Virginia A A P Al Al A,A1
Storeria Al A P Al A A
^Characters numbered as under the heading "evaluation of character states." A=advanced state, 
Al, A2=different advanced states, P=primitive state, PI, P2=different primitve states.
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Thamnophis with 20, Regina with 18, Seminatrlx and Virginia with 
12 each, Storeria with 11, Tropidoclonion and Clonophis with 10 each, 
and Adelophis with 8. This comparison would seem to Indicate that 
Natrix is the most primitive and that Adelophis is the least primi­
tive among the North American natricines. While this analysis gives 
some idication of relative primitiveness among the nine genera, it 
does not consider the number and distribution of shared primitive 
characters.
Natrix, Regina, and Thamnophis share 15 primitive character 
states, while all the North American semifossorlal genera share only 
two primitive character states; this probably indicates that the 
three former genera were derived from the same ancestral natricine 
stock and are much closer to that primitive stock than are the semi- 
fossorial genera. Thamnophis shares 19 primitive character states 
with Natrix and only 15 with Regina; Natrix and Regina share 18 primi­
tive character states.
There are 31 different advanced character states. Natrix and 
Regina have the least number of advanced states with 5 and 6, respet- 
ively, followed by Seminatrix with 12, Thamnophis with 13, Tropi­
doclonion and Clonophis with 14 each, Adelophis and Virginia with 16 
each, and Storeria with 17. This indicates that Natrix and Regina 
are the least specialized genera myologically and that the greatest 
amount of specialization occurs in Adelophis, Virginia, and Storeria.
1 have compared the pattern of relationships established on the 
basis of advanced (derived) character states to those established on
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the degree of similarity of primitive states. While the analysis of 
shared primitive character states establishes basic relationship and 
degree of primitiveness among the genera, analysis of the number and 
sequence of advanced features is useful in ascertaining evolutionary 
specialization among the taxa. One must also be aware of the possi­
bility of convergence when considering these advanced character states, 
since most of them occur in the semlfossorial genera, which feed on 
small, soft-bodied prey.
The data presented in Table B suggest possible degrees of 
relationship among the nine North American natricine genera as expressed 
in terms of the per cent of character states which they share. Thamno­
phis shares more character states with Natrix (66.6%) than with Regina 
(51.5%). Natrix shares 78.5% of its character states equally with 
Regina and Thamnophis, a fact which again indicates the close relation­
ship of these three genera. Regina shares 91.6% of its character 
states with Natrix thus indicating the very close relationship of the 
former to the latter. Their affinity may be further supported by the 
following myological evidence: (1) the primitive states of character
23 and 24 are unique to Natrix and Regina; (2) only Clonophis shares 
with Natrix and Regina the primitive states of character 19; (3) in 
both genera a number of muscles, most notably the M. levator ptery- 
goidei, tend to be relatively large; (4) these two genera tend to 
have the narrowest belly of the M. add. ext. medlalis, and narrowest 
origins of the MM. intermand. anterior: pars mucosalis and pars
glandularis.
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9/28 13/28 13/28 14/28 15/28
32.1 46.4 46.4 50.0 53.5
9/24 11/24 9/24 12/24 14/24
37.5 45.8 37.5 50.0 58.3
15/33 16/33 15/33 18/33 18/33
45.4 48.4 45.4 54.5 54.5
15/24 19/24 15/24 20/24 20/24
62.5 79.1 62.5 83.3 83.3
9/24 9/24 15/24 15/24 14/24 12/24 16/24 15/24
Adelophis 37.5 37.5 62.5 62.5 58.3 50.0 66.6 62.5
13/24 11/24 16/24 19/24 14/24 16/24 21/24 20/24Tropido clonion 54.1 45.8 66.6 79.1 58.3 66.6 87.5 83.3
13/24 9/24 15/24 15/24 12/24 16/24 16/24 19/24Clonophis 54.1 37.5 62.5 62.5 50.0 66.6 66.6 79.1
14/28 12/28 18/28 20/28 16/28 21/28 16/28 22/28
Virginia 50.0 42.8 64.2 71.4 57.1 75.0 57.1 78.5
15/28 14/28 18/28 20/28 15/28 20/28 19/28 22/28
Storeria 53.5 50.0 64.2 71.4 53.5 71.4 67.8 78.5
*The fraction equals shared character states over the total character states for a given genus.
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It may be added here that in all other North American natricines 
the insertion of the M. constrictor colli on the hyoid (Table V) is 
consistently the same as the width of the origin of M. neuro-costo- 
mandibularis on the hyoid (NCM3), in Natrix and Regina this feature 
is variable and inconsistent. Also in the general appearance of the 
M. constrictor colli [p. 60] both Natrix and Regina differ from all 
other taxa except some species of Thamnophis. From the aforemen­
tioned myological evidence it appears that Natrix and Regina are 
more closely related to each other than either is to any other North 
American natricine genus.
Prior to the resurrection of the genus Regina by Smith and 
Huheey (1960) and its redefinition by Rossman (1963), its species 
were placed in Natrix and Liodytes. The following myological dif­
ferences lend support to the generic recognition of Regina. Besides 
possessing a greater tendency to show a completely divided M. add. 
ext. superficialis, Regina differs- from Natrix in character 4 and 22 
(Table A). The relative width of almost all cranial muscles in Regina 
tends to be less than that.in Natrix; nowhere is this more apparent 
than with regard to the origin and belly of M. add. ext. medialis, 
and the origins of MM. add. ext. profundus and neuro-costo-mandibu- 
laris. In three cases, however, Regina tends to have greater rela­
tive dimensions than does Natrix (unfortunately because of the great 
variability, these generalizations may not apply for a given species): 
(1) The M. pterygoldeus is longer in Regina; (2) the origin of the M.
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retractor quadrati is broader than the vertebral head of the M. 
neuro-costo-mandibularis (NCM1) in Regina, whereas the reverse is 
true for Natrix; (3) the origin of M. intermand. posterior: pars
posterior is wider in Regina. It may be mentioned here that the 
supraoccipital ligament of Regina is more diversified in shape and 
size than that of Natrix (Figs. 28-39).
Because of having the advanced states of characters 4, 7, and 
14, Regina is not likely to be ancestral to Thamnophis, which has 
the primitive states of these characters. Similarly the presence of 
advanced states of characters 19, 22, 23,. and 24 in Thamnophis appears 
to exclude it from the ancestry of Regina. Each is probably an inde­
pendent derivative of Natrix (or proto-Natrix).
Thamnophis has a relatively large number of primitive, as well 
as many advanced, character states; this may be a reflection of the 
diversity occurlng within a very large genus. Thamnophis, in terms 
of an evolutionary grade, may be considered a transitional genus.
The semifossorial genera, considering the large number of 
advanced character states possessed by.-them*.seem to be rather, highly 
specialized. The advanced states of characters 9, 15, and 20 are 
unique to these genera; the origin of the M. add. ext. profundus is 
narrow in the semifossorial genera and relatively broad in Natrix, 
Regina, and Thamnophis; these facts may suggest a close affinity 
among these three genera as distinct from the semifossorial genera.
The semifossorial genera share the advanced states of characters 
22, 23, and 24 with Thamnophis and not with Natrix and Regina. Also
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in having the advanced states of characters 1, 16, 17, and 19 the 
semifossorial forms have more in common with Thamnophis. Table B 
shows that all the semifossorial genera have a much higher percen­
tage of shared character states with Thamnophis than with either 
Natrix or Regina. Although Thamnophis shares many advanced char­
acter states with the semifossorial genera, there is no clear myo­
logical evidence that the latter are necessarily derived from Thamno­
phis or pro to-Thamnophis stock; each of them and Thamnophis could 
have been independently derived from a proto-Natrix stock. The 
presence of the advanced state of character 19 in Thamnophis might 
eliminate it as a probable ancestral stock for Clonophis, which has 
the primitive state. Seminatrix, Adelophis^-, Tropidoclonion, Vir­
ginia , and Storeria apparently could have been derived as easily 
from Natrix as from Thamnophis. Because of having the advanced 
states of characters 4 and 7, Regina is not likely to be ancestral 
to any of the specialized genera (Adelophis is an exception with 
regard to character 4).
Seminatrix shares more character states with Virginia and 
Storeria (83.3%) than with any other genus. It is interesting that 
Seminatrix shares more character states with Thamnophis (79.1%) than 
does any other semifossorial natricine genus. Seminatrix is unique
^If one disregards character 18.
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among the semifossorial genera In having the fewest advanced 
character states and relatively large number of primitive states.
This genus appears to be myologically least specialized of the semi­
fossorial genera, and thus is probably closer to the ancestral stock.
Various authors (Dunn, 1931; Rossman and Blaney, 1968) have 
suggested that Tropidoclonion and Adelophis are degenerate forms and 
probably were derived independently from the garter snake line. Ross­
man and Blaney (1968) compared Tropidoclonion and Adelophis and 
pointed out some osteological differences, some of which I also have 
examined and confirmed in this investigation. I found that there are 
more consistent myological differences between Adelophis and Tropi­
doclonion than between any other two genera. They differ in char­
acters 1, 2, 4, 8, 10, 12, 13, 18, 21, and 24. The advanced states 
of characters 8, 13, and 18 are unique to Adelophis, and 21 is unique 
to Tropidoclonion.
Adelophis, having the fewest number of primitive character states 
and a relatively large number of advanced states, seems to be one of 
the most highly specialized of the semifossorial genera. It is prob­
ably more specialized than Tropidoclonion. The relationship of 
Adelophis in terms of myological characters is not entirely clear 
since it shares its characters more or less equally with all the North 
American natricine genera save Natrix and Regina. The myological 
affinity of Tropidoclonion seems to lie closer to Virginia (87.5%), 
Storeria (83.3%) and Seminatrix (79.1%) than to any other genus.
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Rossman (1963) has shown that Kirtland's Water snake, which 
had been variously allocated to Natrix or Regina in recent years, 
is generically distinct. Myologlcally Clonophis is distinct from 
either Regina or Natrix, from which it differs in at least a dozen 
characters. Clonophis shares fewer character states with Regina 
(37.5%) than with any other North American natricine genus. Table 
B shows that Clonophis shares its greatest number of character 
states (79.1%) with Storeria. Jan (1863) and Boulenger (1893) 
considered Clonophis to be congeneric with Storeria, and Rossman 
(1963) suggested a close relationship between the two genera, with 
Clonophis being the less specialized taxon. Clonophis and Storeria 
differ consistently, however, in characters 1, 2, 5, 7, and 19. The 
other differences (in characters 4, 15, and 16) between the two 
genera are due to intrageneric variation in Storeria. Considering 
the number of advanced character states that it possesses, Storeria 
appears to be somewhat more specialized myologlcally than Clonophis.
Both Storeria and Virginia possess a large number of advanced 
character states, but they also have many more primitive features 
than Adelophis. Storeria and Virginia share 78.5% of their char­
acter states. They consistently differ in characters 11, 12, 19, and 
23.
Intrageneric Relationships 
I have tried to determine if the species groupings of Natrix, 
Regina, and Thamnophis suggested by cranial musculature agree with
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those proposed on the basis of other kinds of taxonomic characters.
I have especially tried to ascertain whether the species groupings 
suggested by my findings agree with those presented by Ruthven (1908) 
for the large and diversified genus Thamnophis. One approach I have 
utilized to divide each genus Into species groups Is based on the 
relative widths of various muscles. For the sake of comparison I 
arbitrarily placed in one group those species whose mean falls within 
5% of the generic mean; those that exceed or are less than the generic 
mean by more than 5% I assigned In two other groups. The resulting 
arrangement is admittedly artifical although there Is a surprising 
amount of agreement with the relationships suggested by others.
The three categories are: (1) group I, those species in which
a relatively large number of muscles fall close to the generic mean 
value for a given muscle; (2) group II, those species in which a 
relatively large number of muscles tend to be broad [see Appendix B 
for a discussion of allometric variation and its implications];
(3) group III, those species in which a relatively large number of 
muscles tend to be narrow.
Within the genus Natrix, rhombifera, cyclopion, and fasciata 
represent group I, taxispilota, sipedon, and erythrogaster group II, 
and valida and harteri group III. N. valida tends to approach group 
I, and N. harteri group II. On the basis of non-myological characters, 
N. taxispilota might have been expected to fall into group I and N. 
fasciata into group II.
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The species of Regina seem to agree with the phylogeny suggested 
by Rossman (1963). R. grahamii invariably represents group I* alleni 
and rigida group II, and septemvittata group III; R. septemvittata 
usually approaches the condition in group I.
Eight species of Thamnophis, which Ruthven placed in three 
different groups, represent group I. These species are T. eques, T. 
marcianus, T . radix (Ruthven's Radix group), T . sirtails, and T . 
cyrtopsis (Ruthven's Sirtalis group), and ordinoides, T. melano- 
gaster, and T. sumichrasti (Ruthven's Elegans group). T. sirtalis,
T. eques, and T. radix approach group II, and T. ordinoides group 
III.
Three species of Thamnophis, which Ruthven placed in the Elegans 
group, T\ couchii, T. elegans, and ]T. rufipunctatus (along with T. 
nigronuchalis, which was not described until 1957) represent group 
II; T̂. nigronuchalis possesses few more muscles of relatively larger 
dimensions than T. rufipunctatus, the latter species tending to 
approach group I.
Thamnophis butleri (a member of Ruthven's Radix group) and T. 
brachystoma (a species that is so similar to butleri externally that 
the two have been synonymized occasionally) constitute group III. 
Thamnophis proximus and £. sauritus (Sauritus group), T_. chrysoce- 
phalus (Sirtalis group) and T̂. sea laris (Elegans group) represent 
Intermediate forms. The former three species tend to bridge the 
gap between group I and III, T. scalarls between group I and II.
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The other approach I have taken to divide each genus into 
species groups is based on the absolute morphological features of 
cranial musculature. Regina has no lntragenerlc variation. In Natrix 
only in three characters is there intrageneric variation, and in one 
of these (character 1) only N̂. valida differs from the other species.
In the other two characters (7 and 14) N. ery thro gas ter and N. harteri 
fall into one group, N. cyclopion, N. sipedon and N. taxispilota in 
a second group, and the remaining species are hapazardly distributed.
Thamnophis which has more than twice as many species as Natrix 
exhibits intrageneric variation in six absolute characters. The group­
ings vary from character to character and there is very little con­
sistency to the arrangements. T. proximus and T. sauritus, which 
have been thought to be closely related share 5 of the.6 characters 
as do T. sirtalis and T\ radix, for which no close affinity has been 
proposed. No other species pairs show as much agreement.
Virginia striatula seems to be more specialized than V. valeriae; 
similarly Storeria occipitomaculata is more specialized than J3. dekayi. 
The findings from both absolute and proportional characters support 
this view.
Correlation of Natricine Skull and Musculature with 
Habits and Habitat 
Various authors have indicated that there is a correlation 
between the skull structure and cranial musculature and the habits 
and habitat preference of a species (Cowan and Hick, 1952; Haines,
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1967). My study reveals that this generalization is not entirely 
true. I found that species with similar feeding habits or which 
occupy a similar habitat may have different osteological and myo­
logical characteristics. Regardless of the habits or habitat of a 
species a muscle may be broad, medium, or narrow; this is especially 
true for Thamnophis.
The well-developed supraoccipital ligament apparently is of 
some functional value in enabling the skull to hold powerful strug­
gling prey in Natrix, Regina and Thamnophis. This ligament is 
absent in all the semifossorial genera which feed mainly on small 
soft-bodied prey, however those species of Thamnophis which also 
feed on small soft-bodied prey do possess the ligament. In all species 
of Thamnophis this ligament, is not as well developed as in Natrix and 
Regina. It may be that this character state reflects phylogeny 
rather than a functional adaptation for which there is a strong selec­
tive pressure. Although some features of cranial musculature may be 
correlated with habits or habitat, I found no evidence that the mus­
culature necessarily reflects a specific mode of feeding.
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KEY TO ABBREVIATIONS
AEla., M. adductor externus superficlalls: pars anterior
AElb., M. adductor externus superficialis: pars posterior
AEl.f., fascia of AEl attached to the quadrate bone 
AE2., M. adductor externus medialis
AE3., M. adductor externus profundus
Ang., angular bone
API., M. adductor posterior superficialis
AP2., M. adductor posterior profundus
Avf., anterior vidian foramen
Bo., basioccipital bone


















FSo., fascia lying over the supraoccipital bone
Frt., retroarticular foramen
Ggl., M. genioglossus: lateral slip
Gg2., M. genioglossus: medial slip




IA1., M. intermandibularis anterior: pars mucosalis
IA2., M. intermandibularis anterior: pars glandularis
IFg., infralabial gland
IP1., M. intermandibularis posterior: pars anterior
IP2., M. intermandibularis posterior: pars posterior
Ios., interorbital septum
Lie. y lateral lamina
Line., medial lamina
LPt. y M. levator pterygoldel . .
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L.So., ligament lying over the supraoccipital bone
L.St.Qu., ligament lying over the supratemporal-quadrate articulation
MSBg., median sublingual gland
Mx., maxilla
Nas., nasal bone
NCM1., vertebral head of the M. neuro-costo-mandibularis
MCM2., costal head of the M. neuro-costo-mandibularis
MCM3., hyoid head of the M. neuro-costo-mandibularis
N.lpt., nerve to the M. levator pterygoidei
N.ppt., nerve to the M. protractor pterygoidei
N.pts., nerve to the M. pterygoideus
N.Sp., neural spines




pb., basioccipital process of the basioccipital bone




PPt., M. protractor pterygoidei
PPa.> parietal process of the sphenoid bone
Ppr., anterior prootic process of the sphenoid






Pso., suborbital process of the sphenoid bone
Pt., pterygoid bone
Pts., M. pterygoideus
PtsA., M. pterygoideus accessorius





RQ., M. retractor quadrati
RPt., M. retractor pterygoidei
RV., M. retractor vomeris
Sac., articular surface of the compound bone









Tr.in., transverse insertion (tendinous) of the NCM
TB1., M. transversus branchialis: pars mucosalis
TB2., M. transversus branchialis: pars glandularis
TM., trunk muscles
Vmx., maxillary division of the Vth cranial nerve (V2)
Vmxf., foramen for the maxillary division of the
Vth cranial (trigeminal) nerve 
Vmd., mandibular division of the Vth cranial nerve (V3)
Vmdf., foramen for the mandibular division of the Vth
cranial nerve 




Dorsal view (3X) of the skull of Natrix cyclopion. The anterior 
half of each mandible has been omitted.
(explanation of abbreviations utilized in these figures appears 
on pages 95-99.)
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Ventral view (3X) of the skull of Natrix cyclopion. The mandibles 
have been omitted.
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Lateral view (3X) of the skull of Natrix cyclopion.
A. Lateral view (3X) of the cranium.
B. Lateral view (3X) of the right mandible.
C. Medial (lingual) view (3X) of the left mandible.
N a t r ix  cyclopion
Js _ los 
Bp Fo \ 1 ^  Par \ Fro Nas
£
Prf MxPt Col Fg|v Fto Pmx
Lmc
rr*7T!nK
v'. '• iv'' ' •’i'.'Vi
K if c -




Left lateral view (3X) of the innervation of cranial musculature 
of Natrix cyclopion.
The external mandibular adductors have been detached from 
their origin; posterior part of the supralabial and the Harderian 
gland has been bisected. The quadrato-supratemporal articulation 
is severed; the quadrate and most of the cranial muscles have been 
deflected. The M. depressor mandibulae has been detached from its 
origin to trace the tendinous insertion of the M. cervico-quadratus 
and the ramification of the facial (VII) nerve.
^ ^ b&&G-G° CCP NCM2.
N atrix cyclopion LOI
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FIGURE 5
Ventral view (6X) of the roof of the buccal cavity, posterior to 
the internal nares, of Natrix cyclopion showing the innervation of 
the cranial musculature.
The oral mucosa has been removed, and the Harderian gland is 
transected. The anterior part of the pterygoid bone is severed.
The MMs. protractor quadrati, and the protractor of pterygoidei 
have been transected to show the course of the Vllnth nerve. The 
main nerve (marked N.vpt) innervating the MM. retractor pterygoidei, 
and the retractor vomeris disappears in the sphenoid bone.
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Left lateral view (6X) of the innervation of the cranial musculature 
of Regina grahamii.
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FIGURE 7
Diagrammatic representation of the M. adductor externus superficialis 
of Natrix.
1 a. pars anterior (levator anguli oris)
1 b. pars posterior.
J N . c y c lo p fo n N. valida 
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Diagrammatic representation of the M. adductor externus superficialis 
of Regina.
1 a. pars anterior (levator anguli oris)









Diagrammatic representation of the M. adductor externus superficialis 
of North American natricine taxa.
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FIGURE 10
Dorsal view (3X) of the superficial cranial muscles of Natrix 
cyclopion. The M. constrictor colli muscles are in situ.
(The explanation of this figure in general also applies to 
figures 11-18 unless otherwise specified. Explanation of the 























Dorsal view (5X) of the superficial cranial muscles of Thamnophis 
couchii.
The M. constrictor colli of the right side has been detached 
from its origin and deflected.










Dorsal view (7X) of the superficial cranial muscles of Tropido- 
clonion•lineatum.
The M. constrictor colli of both sides have been detached 









Dorsal view (6X) of the superficial cranial muscles of Adelophls 
foxl.
The M. constrictor colli of both sides have been detached 












Dorsal view (6X) of the superficial cranial muscles of Storeria 
dekayi.
The M. constrictor colli of both sides have been detached 
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FIGURE 16
Dorsal view (9X) of the superficial cranial muscles of Virginia 
striatula.
The H. constrictor colli of both sides have been detached 



















Dorsal view (6X) of the superficial cranial muscles of Seminatrix
pygaea-






Dorsal view (6X) of the superficial cranial muscles of Clonophis 
kirtlandii.
The M. constrictor colli of both sides have been detached 










Left lateral view (3X) of the superficial cranial muscles of 
Natrix cyclopion.
The posterior part of the supralabial gland, the anterior 
part of the quadrato-maxillary ligament, and the dorsal half of 
the M. constrictor colli have been removed. The aponeurosis of 
the posteroventral part of the M. adductor externus superficialis
is indicated by close stippling,, ..
(The explanation of this figure in general also applies to 
figures 20-27 unless otherwise specified. The explanation of the 
abbreviations utilized in these figures appears on pages 95-99.)
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Left lateral view (6X) of the superficial cranial muscles of 
Regina grahamll.
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Left lateral view (7X) of the superficial cranial muscles of 
Tropidoclonion lineatum.
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FIGURE 23








Left lateral view (5X) of the superficial cranial muscles of 
Storeria dekayi.
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Left lateral view (9X) of the superficial cranial muscles of 
VIrginia striatula.
The quadrato-maxillary ligament is in situ.
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Left lateral view (6X) of the superficial cranial muscles of 
Seminatrix pygaea.
The quadrato-maxillary ligament is In situ. The narrow 
muscle slip crossing the posterior end of the quadrato-maxillary 
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FIGURE 28
Dorsal view (5X) of the posterior region of the skull and the 
anterior region of the vertebral column showing the attached 
muscles in Natrix cyclopion.
(The explanation of this figure in general also applies 
to figures 29-65 unless otherwise specified. The explanation 
of abbreviations utilized in these figures appears on pages 95
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Dorsal view (6X) of the posterior region of the skull and the 
anterior region of the vertebral column showing the attached 
muscles in Na trlx erythrogaster.
Nafrrix ef^bhtogasfcer
FIGURE 30
Dorsal view (6X) of the posterior region of the skull and the 
anterior region of the vertebral column showing the attached 
muscles in Natrix fasciata.
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FIGURE 31
Dorsal view (10X) of the posterior region of the skull and the 
anterior region of the vertebral column showing the attached 
muscles in Natrix harteri.
161
N a tr ix  harberi
FIGURE 32
Dorsal view (6X) of the posterior region of the skull and the 
anterior region of the vertebral column showing the attached 




Dorsal view (4X) of the posterior region of the skull and the 
anterior region of the vertebral column showing the attached 
muscles in Natrix sipedon.
Natrrix sfpedon
FIGURE 34
Dorsal view (6X) of the posterior region of the skull and the 
anterior region of the vertebral column showing the attached 
muscles in Natrix taxispilota.
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FIGURE 35
Dorsal view (6X) of the posterior region of the skull and the 
anterior region of the vertebral column showing the attached 
muscles in Natrix valida.
Nafcrix valida
FIGURE 36
Dorsal view (7X) of the posterior region of the skull and the 
anterior region of the vertebral column showing the attached 
muscles in Regina alleni.
R e g in a  a lle n i
FIGURE 37
Dorsal view (8X) of the posterior region of the skull and the 
anterior region of the vertebral column showing the attached 






Dorsal view (8X) of the posterior region of the skull and the 
anterior region of the vertebral column showing the attached 
muscles in Regina rigida.
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Dorsal view (10X) of the posterior region of the skull and the
anterior region of the vertebral column showing the attached
muscles in Regina septemvittata.
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FIGURE 40
Dorsal view (13X) of the posterior region of the skull and the
anterior region of the vertebral cplumn showing the attached





Dorsal view (13X) of the posterior region of the skull and the
anterior region of the vertebral column showing the attached
muscles in Thamnophls butler1.
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FIGURE 42
Dorsal view (9X) of the posterior region of the skull and the 
anterior region of the vertebral column showing the attached 





Dorsal view (6X) of the posterior region of the skull and the 
anterior region of the vertebral column showing the attached 






Dorsal view (10X) of the posterior region of the skull and the
anterior region of the vertebral column showing the attached




Dorsal view (9X) of the posterior region of the skull and the 
anterior region of the vertebral column showing the attached 




Dorsal view (8X) of the posterior region of the skull and the 
anterior region of the vertebral column showing the attached 





Dorsal view (11X) of the posterior region of the skull and the
anterior region of the vertebral column showing the attached
muscles in Thamnophis godmani.
Thamnophis goctmani
FIGURE 48
Dorsal view (12X) of the posterior region of the skull and the 
anterior region of the vertebral column showing the attached 





Dorsal view (11X) of the posterior region of the skull and the
anterior region of the vertebral column showing the attached





Dorsal view (10X) of the posterior region of the skull and the
anterior region of the vertebral column showing the attached
muscles in Thamnophis nlgronuchalls.
'Thamnophis nipronuchalis
FIGURE 51
Dorsal view (9X) of the posterior region of the skull and the 
anterior region of the vertebral column showing the attached 
muscles in Thamnophis ofdinoides.
Thamnophis ordfnoides
FIGURE 52
Dorsal view (9X) of the posterior region of the skull and the 
anterior region of the vertebral column showing the attached 




Dorsal view (9X) of the posterior region of the skull and the 
anterior region of the vertebral column showing the attached 






Dorsal view (12X) of the posterior region of the skull and the
anterior region of the vertebral column showing the attached





Dorsal view (13X) of the posterior region of the skull and the
anterior region of the vertebral column showing the attached




Dorsal view (11X) of the posterior region of the skull and the
anterior region of the vertebral column showing the attached
muscles in Thamnophis scalar is.
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Tham nophis sca larts
FIGURE 57
Dorsal view (9X) of the posterior region of the skull and the 
anterior region of the vertebral column showing the attached 





Dorsal view (10X) of the posterior region of the skull and the
anterior region of the vertebral column showing the attached




Dorsal view (16X) of the posterior region of the skull and the
anterior region of the vertebral column showing the attached




Dorsal view (16X) of the posterior region of the skull and the
anterior region of the vertebral column showing the attached




Dorsal view (15X) of the posterior region of the skull and the 
anterior region of the vertebral column showing the attached 







Dorsal view (13X) of the posterior region of the skull and the
anterior region of the vertebral column showing the attached
muscles in Storerla occlpitomaculata.
Stroreria occiprfcomaculafca
FIGURE 63
Dorsal view (12X) of the posterior region of the skull and the 
anterior region of the vertebral column showing the attached 
muscles in Virginia striatula.
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V ir g inia skriatuia
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FIGURE 64
Dorsal view (14X) of the posterior region of the skull and the
anterior region of the vertebral column showing the attached






Dorsal view (15X) of the posterior region of the skull and the
anterior region of the vertebral column showing the attached





Dorsal view (13X) of the posterior region of the skull and the
anterior region of the vertebral column showing the attached




Ventral view (3X) of the dorsal constrictors of Natrix cyclopion.
This is a view of the roof of the buccal cavity after 
removal of the oral mucosa. The mucosa anterior to the internal 
nares is left intact. The anterior tendinous extension of the M. 
retractor vomeris is not exposed completely. The maxilla, the 
ectopterygoid bone, and the M. pterygoideus have been slightly 
stretched to the lateral side to expose the M. pterygoideus 
accessorius.
(The explanation of this figure in general also applies to 
figures 68-75 unless otherwise specified. Explanation of the 











Ventral view (6X) of the dorsal constrictors of Regina grahanHi.
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R eg ina  graham ii
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FIGURE 69














































Dorsal view (3X) of the ventral constrictors and the glosso- 
tracheal musculature of Natrix cyclopion.
This is a dorsal view of the floor of the buccal cavity, 
after removal of the oral and esophageal mucosa. The mandibles 
have been slightly stretched laterally. A portion of the trachea 
has been removed to expose the underlying MM. hyoglossus, hyotra- 
chealis, and the intrinsic tongue muscles and their innervation. 
The intramandibular ramus of the trigeminal nerve and the main 
brances of the cranio-cervical plexus (IX +  X + Xll) are visible 
in this view.
(The explanation of this figure in general also applies to 
figures 77-84 unless otherwise specified. Explanation of the 














Dorsal view (6X) of the ventral constrictors and the glosso- 
tracheal musculature of Regina grahamii.
The posterior regions of the trachea and the tongue have 
been removed to expose the hyoid origin of the M. neuro-costo- 
mandibularis (NCM3), and M. hyotrachealis. The M. neuro-costo- 
mandibularis has been bisected on the left side and deflected 
anteriorly to reveal the underlying origin of the M. intermandibu- 




Dorsal view (5X) of the ventral constrictors and the glosso- 









Dorsal view (7X) of the ventral constrictors and the glos 








Dorsal view (6X) of the ventral constrictors and the glos 









Dorsal view (6X) of the ventral constrictors and the glosso- 
tracheal musculature of Storeria dekayi.
Storerla dekayl
FIGURE 82
Dorsal view (9X) of the ventral constrictors and the glosso- 










Dorsal view (6X) of the ventral constrictors and the glosso- 






Dorsal view (6X) of the ventral constrictors and the glosso- 
tracheal musculature of Clonophis kirtlandil.
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Dorsal view (3X) of the ventral constrictor muscles, the M. 
constrictor colli, and the M. neuro-costo-mandibularis of Natrix 
cycloplon.
This is a dorsal view of the floor of the buccal cavity after 
removal of the oral and esophageal mucosa; the mandibles have been 
slightly stretched laterally. The trachea, the tongue, and M. 
hyotrachealis have been completely removed. The M. geniotrachealis 
(Gt) and the lateral slip of the M. genioglossus (Ggl) have been 
detached from their insertions and deflected laterally to show the 
underlying M. intermandibularis anterior. The M. neuro-costo- 
mandibularls has been bisected on the left side and deflected 
anteriorly to expose the underlying origin of the H. intermandibularis 
posterior: pars posterior and the insertion of the M. constrictor
colli. Some branches of the cranio-cervical plexus have been severed.
(The explanation of this figure in general also applies to 
figures 86-93 unless otherwise specified. Explanation of the abbrevi­
ations utilized in these figures appears on pages 95- 99.)
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Dorsal view (6X) of the ventral constrictors, the M. constrictor 
colli, and M. neuro-costo-mandibularis of Regina grahamii.
The medial slips (Gg2) of the M. genioglossus have been 
removed.
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Dorsal view (5X) of the ventral constrictors, the M. constrictor 
colli, and M. neuro-costo-mandibularis of Thamnophis couchii.












Dorsal view (7X) of the ventral constrictors, the M. constrictor 
colli, and M. neuro-costo-mandibularis of Tropidoclonlon lineatum. 
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FIGURE 89
Dorsal view (6X) of the ventral constrictors, the M. constrictor 
colli, and M. neuro-costo-mandibularis of Adelophis foxi.
The origin of M. hyotrachealis is in situ. The cranio- 












Dorsal view (6X) of the ventral constrictors, the M. constrictor 
colli, and M. neuro-costo-mandibularis of Storerla dekayi.
The origin of M. hyotrachealis is in_ situ. The cranio- 







Dorsal view (9X) of the ventral constrictors, the M. constrictor 
colli, and M. neuro-costo-mandibularis of Virginia striatula.
The origin of M. hyotrachealis, and the cranio-cervical 
plexus are not shown in the diagram.
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Dorsal view (6X) of the ventral constrictors, the M. constrictor 
colli, and M. neuro-costo-mandibularis of Seminatrix pygaea.
The costal head (NCM2) of the M. neuro-costo-mandibularis 
of the left side has been removed to show the origin of the M. 











Dorsal view (6X) of the ventral constrictors, the M. constrictor 
colli, and M. neuro-costo-mandibularis of Clonophis kirtlandii.
The costal head (NCM2) of the M. neuro-costo-mandibularis 
of the left side has been removed to show the origin of the M. 
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Tables (I-V) showing the relative width of cranial 
muscles expressed as a per cent of 
various skull dimensions.
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TABLE I. VARIATION IN REIATIVE WIDTH OF THE ADDUCTORES MANDIBUIAE 




" A K  ' '
origin b e S y
Natrix 27.6(2l.2Wa.2)392 42.0(32.5-54.5 36 42.0(25.0-58.8 40 2i.o( 9.0-31.6)38
cyclopion 30.5(24.0-41.2) 8 40.7(35.7-47.0 6 44.0(36.0-58.8 8 17.7( 9.5-26.3) 7
erythrosaster 23.2(21.2-27.8) 4 46.5(41.5-54.5 4 44.2(40.0-50.0 4 24.0(22.6-26.7) 4
fasciata 26.2(21.4-33.3) 4 41.0(33.3-47.2 3 47.0(42.8-50.0 5 24.3(21.0-26.5) 4
harteri 25.0(23.0-26.5) 4 37.2(33.3-40.0 4 38.0(35.0-41.2 4 18.3(13.0-20.0) 4
rhombifera 31.0(28.6-37.0) 5 46.0(36.0-50.0 5 41.0(33.3-48.2 5 13.4( 9.0-16.7) 5
sipedon 26.0(23.8-31.8) 5 43.0(35.5-48.4 5 46.0(39.0-52.4 5 25.5(14.3-31.6) 5
taxispilota 30.4(25.0-33.3) 4 39.0(32.5-^2.5 4 32.4(25.0-43.0 4 17.4(16.0-18.8) 4
valida 29.0(26.4-30.8) 5 42.5(40.5-44.2 5 42.0(35.3-46.2 5 27.4(18.2-30.6) 5
Regina 25.4(14.3-33.4)21 39.0(26.0-51.5 18 36.3(27.3-45.7 21 l6.0( 7.7-30.0)20
alleni 28.7(23.3-30.5) 4 38.0(36.4-40.0 4 33.3(27.3-34.4 4 17.2( 7.7-24.0) 4
grahamii 25.0(15.4-33.4) 7 30.5(26.0-35.0 5 38.6(31.3-43.0 7 13.0( 9.0-16.7) 6
rigida 21.0(14.3-25.0) 5 44.8(37.0-51.5 4 33.0(28.6-35.7 5 20.5( 8.4-30.0) 5
seDtemvittata 27.0(23.0-31.0) 5 42.5(35.3-45.0 5 40.2(36,4—46.0 5 12.8( 9.0-27.3) 5
See materials and methods. . • 2. The figures represent the mean, the range of variation,
and the number of specimens.
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TABLE I. (continued)
Genus Species AEI AEI AE2 AE2
origin insertion origin belly
Thamnonhis 23.5(15.2-36.4)831 40.5(29.6-54.6)83 34.2(23.0-53.4)83 29.2(20.0-41.7)83
brachystoma 21.0(19.0-25.0) 4 41.5(33.3-45.5) 4 28.0(23.2-31.3) 4 22.5(20.0-30.0) 4
butleri 21.0(18.2-25.0) 3 39.5(33.3-43.0) 3 30.2(27.3-33.4) 3 29.0(25.0-33.3) 3
chnrsocenhalus 19.6(19.3-20.8) 5 41.4(36.0-44.5) 5 34.4(30.8-38.5) 5 28.5(22.2-33.4) 5
couchii 28.6(23.0-30.8) 6 ' 38.2(33.4-40.8) 6 44.0(38.5-53.4) 6 29.0(23.4-39.0) 6
cyrtopsis 21.2(17.7-23.4) 5 39.0(32.2^3.0) 5 35.0(29.2-44.0) 5 31.3(27.0-35.3) 5
elegans 21.6(18.2-25.0) 4 40.0(35.0-47.0) 4 35.8(30.8-42.0) 4 31.8(27.3-35.0) 4
eques 22.2(18.4-23.5) 5 42.0(37.5-48.2) 5 37.8(31.6-43.8) 5 35.5(32.2-38.5) 5
marcianus 19.0(16.4-24.0) 4 43.3(37.5-50.0) 4 34.1(28.6-40.0) 4 25.4(22.2-28.6) 4
melanog&ster 29.0(25.0-34.0) 5 38.7(36.0-43.0) 5 32.8(27.0-39.6) 5 25.6(20.0-30.6) 5
nigronuchalis 28.0(25.0-31.0) 4 40.0(39.0-41.2) 4 37.4(29.2-46.7) 4 27.8(25.0-33.4) 4
ordinoides 22.6(21.0-23.5) 5 39.8(29.6-54.6) 5 33.4(27.8-39.0) 5 27.0(21.7-31.4) 5
nroxiimis 21.8(18.0-26.0) 5 39.0(34.4-43.4) 5 33.7(31.8-37.0) 5 30.7(22.7-41.0) 5
radix 29.0(25.0-36.4) 4 42.6(41.2-43.8) 4 31.0(25.0-32.5) 4 28.2(25.0-30.0) 4
rufinunctatus 30.6(28.6-32.2) 5 37.6(33.3 43.0) 5 38.0(35.0-40.0) 5 26.7(21.4-30.0) 5
1. The figures represent the mean, the range of variation, and the number of specimens.
N>VOU)
TABLE I. (continued)
Genus Species AEL AEI AE2 AE2
origin insertion origin belly
Thamnonhis
sauritus 24.4(23.0-26.0) 51 40.0(32.4-46.7) 5 31.6(23.0-34.8) 5 34.2(27.8^*0.6) 5
scalaris 21.2(20.0-23.5) 4 43.3(37.5-46.2) 4 30.0(27.5-35.3) 4 35.6(31.8-41.7) 4
sirtalis 20.4(15.2-26.0) 5 40.5(35.4-44.2) 5 36.4(35.3-37.0) 5 29.4(26.0-33.3) 5
sumichrasti 23.0(18.0-28.6) 5 42.3(39.0-47.6) 5 31.7(28.7-35.7) 5 26.4(22.7-30.0) 5
Tropidoclonion
lineatum 30.4(25.0-34.6) 5 41.0(37.5-44.5) 5 36.2(30.8-40.0) 5 40.8(35.0-J*6.3) 5
Adelophis foxi 19.6(15.6-23.5) 2 29.8(19.6-40.0) 2 27.3(26.5-28.0) 2 30.0(25.0-35.0) 2
Storeria 29.4(20.0-40.0)10 44.7(34.8-50.0)10 24.6(10.7-33.4)10 33.2(20.0-40.0)10
dekayi 28.0(20.0-40.0) 5 46.5(34.8-50.0) 5 27.6(23.7-31.3) 5 29.5(20.0-^0.0) 5
occipitomaculata 31.0(25.0-35.7) 5 42.8(35.3-50.0) 5 21.7(10.7-33.4) 5 36.8(33.3-40.0) 5
Virginia 28.3(21.4-33.4)10 41.0(33.4-50.0)10 35.0(25.0-50.0)10 31.7(25.0-44.5)10
striatula 30.5(28.6-33.4) 6 42.5(33.4-50.0) 6 33.6(25.0-50.0) 6 32.0(25.0^40.0) 6
valeriae 26.0(21.4-28.6) 4 39.0(33.3-44.5) 4 36.2(35.7-37.5) 4 31.4(25.0-44.5) 4
Seminatrix pygaea 24.2(20.0-29.4)4 43.0(41.0^-5.5)4 30.2(25.0-35.3)4 30.6(18.2-36.0)4
Clonophis kirblandii 24.0(20.6-28.6) 4 41.5(39.0-48.0) 4 30.0(25.0-35.0) 4 24.0(20.0-28.6) 4




Genus Species AE3 AE3 AE3 API & AP2
origin belly insertion origin
Natrix 62.o(34.8-75.5)3£- 53.0(36.4-70.0)38 39.2(32.CW4.0)36 46.6(30.4-61.4)32
cyclopion 58.3(52.6-63.6) 7 49.0(43.5-54.5) 7 40.7(36.4-43.0) 6 43.8(36.847.8) 4
eiythrogaster 62.4(53.0-66.7) 4 54.0(47.0-58.2) 4 39.3(36.4-41.5) 4 51.0(42.0-53.4) 4
fasciata 63.0(48.0-70.6) 4 53.0(47.4-58.8) 4 40.4(39.0-42.4) 3 47.0(37.5-56.3) 4
harteri 58.5(53.4-60.0) 4 58.3(50.0-70.0) 4 35.0(32.0-39.4) 4 37.8(33.340.0) 3
iiuxnbifera 59.4(34.8-73.0) 5 46.0(34.8-54.5) 5 38.0(32.4-44.0) 5 44.6(30.4-56.7) 4
sipedon 59.0(52.4-63.4) 5 56.0(42.7-60.0) 5 42.0(38.7-44.5) 5 43.0(38.042.5) 5
taxispilota 71.2(68.0-75.5) 4 53.0(40.0-62.5) 4 39.0(37.242.5) 5 54.0(48.0-61.4) 4
valida 65.0(54.5-66.8) 5 55.0(36.4-61.2) 5 38.3(36.040.0) 5 48.3(44.2-53.5) 4
Regina 56.0(44.5-68.2)20 48.2(44.5-64.3)20 40.3(30.047.4)20 40.0(28.6-50.0)20
alien! 60.2(50.0-64.0) 4 49.8(39.0-54.<>) 4 41.2(40.0-42.0) 4 39.6(33.446.0) 4
grahamii 53.8(46.248.2) 6 44.5(38.5-50.0) 6 39.2(30.047.4) 6 40.6(33.4-50.0) 7
rigida 62.2(58.4-65.0) 5 50.3(41.7-64.3) 5 39.5(35.041.5) 5 42.0(28.6-50.0) 5
seDtemvittata 48.0(44.5-50.0) 5 48.0(44.5-50.0) 5 41.3(37.545.0) 5 37.4(29.445.0) 4
1, The figures represent the mean, the range of variation, and the number of specimens.
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TABLE I. (continued)
Genus Species * AE3 AE3 AE3 API & AP2































































































































































1. The figures represent the mean, the range of variation, and the number of specimens.
TABLE 1. (continued)








Natrix 35.0(23.3^6.4)38^ 74.6(61.3-86.5)42 23.2(15.0-28.6)42 34.6(26.7-41.5)42
cycloDion 33.8(27.3-43.0) 7 75.8(70.0-80.8) 9 24.0(20.5-28.6) 9 32.6(26.7-39.4) 9
ervthroeaster 38.6(30.0-42.0) 4 73.4(71.3-76.0) 4 23.8(20.0-26.2) 4 34.6(31.0-39.0) 4
fasciata 31.5(28.6-36.8) 4 73.2(66.7-85.7) 5 21.8(20.0-24.0) 5 37.6(35.0-40.0) 5
harteri 35.0(30.0-40.0) 4 73.5(71.4-77.8) 4 26.7(23.8-28.6) 4 33.2(28.6-39.0) 4
rhombifera 31.0(23.3-41.0) 5 73.0(65.0-80.0) 5 19.8(18.2-22.5) 5 33.5(30.0-36.7) 5
sipedon 33.3(28.5-40.0) 5 80.0(70.4-86.5) 5 23.6(21.7-26.0) 5 34.4(30.4-36.3) 5
taxiSDilota 37.5(32.0-43.8) 4 70.5(61.3-79.0) 5 21.6(15.0-28.3) 5 33.6(28.8-37.8) 5
valida 40.0(26.3-46.4) 5 78.0(75.0-82.6) 5 23.6(20.6-25.0) 5 37.6(29.4-4 1.0) 5
Regina 31.0(22.8-40.0)21 76.4(62.0-89.6)21 19.2(12.5-23.4)21 31.4(20.0-41.7)21
alien! 36.8(29.3-40.0) 4 76.5(72.7-81.3) 4 19.6(16.7-22.7) 4 32.0(27.7-36.7) 4
graham ii 29.4(22.8-40.0) 7 72.8(62.0-83.4) 7 17.5(12.5-23.3) 7 27.0(20.0-41.4) 7
rigida 30.0(25.0-36.5) 5 84.7(83.3-89.6) 5 22.2(21.2-23.4) 5 38.0(31.4-41.7) 5
seDtemvittata 27.4(27,8-28.0) 5 71.5(66.7-84.0) 5 17.7(15.6-20.0) 5 28.8(23.2-32.0) 5
1. The figures represent the mean, the range of variation, and the number of specimens.
2, Anteroposterior length of the muscle from the origin to the insertion.
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TABLE I. ( continued)






Thamnonhis 33.8(23.o-54.6)831 70.3(52.4-90.0)83 17.6(09.5-25.0 83 33.4(23.3-41.7)83
brachystoma 40.0(30.0-50.0) 4 69.4(63.2-77.8) 4 19.3(12.6-22.3 4 32.0(30.0-33.3) 4
butleri 36.7(33.4-38.4) 3 78.5(63.6-90.0) 3 18.8(18.2-20.0 3 36.0(31.8-40.0) 3
chrysocenhalus 32.2(26.7-44.5) 5 67.0(60.0-73.3) 5 15.0(13.3-17.7 5 34,0(26.7-41.2) 5
couchii 36.8(30.0-43*0) 6 71.8(65.6-77.0) 6 19.3(13.0-25.0 6 32.4(28.6-37.5) 6
cyrtopsis 32.0(27.8-35.3) 5 67.0(61.5-78.6) 5 19.5(15.4-25.0 5 32.7(29.0-39.0) 5
elegans 31.0(29.0-33.3) 4 73.6(64.3-80.0) 4 14.0(10.7-21.4 4 32.2(28.0-35.7) 4
eques 32.4(23.0-35.7) 5 74.2(72.0-76.2) 5 21.3(16.0-24.0 5 32.2(24.0-40.0) 5
marcianus 31.3(28.0-38.0) 4 73.2(64.3-80.0) 4 19.8(18.0-23.3 4 34.0(30.6-36.7) 4
melanogaster 28.5(25.0-35.0) 5 68.0(62.5-73.5) 5 16.7(14.8-18.0 5 34.7(31.0-41.2) 5
nieronuchalis 29.6(25.0-33.3) 4 69.6(67.5-71.4) 4 18.0(14.3-21.4 4 30.7(25.0-39.0) 4
ordinoides 35.2(28.6-41.7) 5 68.0(52.4-77.0) 5 14.4(09.5-19.0 5 35.8(31.0-40.0) 5
proximus 31.6(26.7-36.4) 5 65.7(61.7-70.0) 5 17.0(14.7-21.0 5 33.2(29.4-35.7) 5
radix 32.3(27.5-37.5) 4 73.8(66.7-83.3) 4 19.4(14.8-25.0 4 36.0(28.6-41.7) 4
rufinunctatus 29.0(23.0-38.0) 5 66.8(54.2-72.7) 5 17.8(14.7-20.6 5 27.3(23.5-32.4) 5
1. The figures represent the mean, the range of variation, and the number of specimens.
2. Anteroposterior length of the muscle from the origin to the insertion. 299
TABLE I# (continued)
























34.3(28.6-37.5) 51 66.0(60.0-69.3) 5 





















































1. The figures represent the mean, the range of variation, and the number of specimens,
2. Anteroposterior length of the muscle from the origin to the insertion. 300
TABLE IT. VARIATION IN RELATIVE WIDTH OF THE CONSTRICTORES DORSALES 
EXPRESS) AS A PER CHIT OF VARIOUS SKULL DIMENSIONS1
r o . Q PQ PPt IPt HPt BV
uenus pecxe origin insertion insertion insertion Length-5
Natrix 27.2(20.0-45.0)i*22 45.2(29.4-54.8)42 60.6(47.0-75.0)42













48.3(38.6-53.8) 9 63.0(52.2-70.0) 9 
43.8(39.0-47.8) 4 59.0(55.2-65.2) 4 
43.0(36.0-50.0) 5 58.0(50.0-62.5) 5 
46.5(42.7-50.0) 4 60.6(52.4-72.2) 4 
43.2(35.0-45.5) 5 63.5(56.7-75.0) 5 
45.0(41.0-52.0) 5 56.0(52.2-60.0) 5 
53.5(44.7-54.8) 5 68.0(63.2-75.0) 5 
42.3(29.4-50.0) 5 57.0(47.0-62.5) 5 
42.5(33.4-50.0)21 56.4(46.0-66.7)21 
46.0(43.7-47.0) 4 60.7(56.3-66.7) 4 
40.0(33.4-44.5) 7 57.6(53.0-62.5) 7 
43.0(38.5-50.0) 5 54.3(46.0-60.0) 5 
41.0(34.5-46.2) 5 53.0(47.7-56.7) 5
23.0(17.0-30.0)42 21.4(12.0-27.8)42 
22.6(17.0-28.3) 9 21.0(12.0-27.3) 9 
24.2(22.2-26.0) 4 24.3(20.0-27.8) 4 
22.4(20.0-28.0) 5 19.2(12.0-27.8) 5 
25.7(21.4-30.0) 4 18.0(14.7-23.0) 4 
20.3(18.2-23.3) 5 22.0(17.6-25.0) 5 
24.4(19.6-28.0) 5 23.0(19.4-27.4) 5 
19.6(17.5-22.6) 5 21.3(14.3-25.0) 5 
24.6(21.7-29.4) 5 22.2(21.0-25.0) 5 
21.4(14.3-26.7)21 2l.6( 9.0-27.3)21 
22.0(18.2-25.0) 4 18.0( 9.0-20.7) 4 
17.8(14.3-20.7) 7 22.0(18.7-25.0) 7 
22.7(20.0-25.0) 5 21.6(14.3-27.3) 5 
22.6(18.8-26.7) 5 24.7(23.2-27.3) 5
1. For explanation, see materials and methods.
2, The figures represent-the mean, the range of variation, and the number of specimens.



























19.3(15.0-22.3) 4 33.3(31.6-35.0 
21.7(20.0-22.7) 3 33.0(31.7-35.0 
21.2(15.4-25.0) 5 32.4(29.4-35.7 
26.2(23.0-33.2) 6 38.0(31.0-43.0 
18.7(16.7-21.4) 5 35.8(31.6-43.5 
25.0(23.0-29.3) 4 38.0(35.7-40.6 
26.0(23.0-31.6) 5 37.0(31.8-44.0 
22.7(20.7-24.0) 4 38.0(33.5-50.0 
22.5(17.4-27.0) 5 37.7(35.7-39.3 
25.3(18.8-30.0) 4 41.3(39.2-43.0 
21.8(15.8-25.0) 5 32.6(19.0-39.0 
20.0(16.4-26.0) 5 33.0(27.0-35.7 
25.4(22.7-27.3) 4 36.0(33.3-37.5 
21.0(18.0-25.0) 5 37.0(32.4-43.8
)83 48.4(38.5-62.5)83
) 4 49.0(42.5-55.6) 4 
) 3 44.0(41.0-50.0) 3 
) 5 44.0(40.0-47.0) 5 
) 6 48.8(42.5-57.7) 6 
) 5 48.0(39.5-52.6) 5 
) 4 50.5(43.0-56.7) 4 
) 5 47.3(43.2-50.0) 5 
) 4 47.7(43.7-53.6) 4 
5 51.0(46.4-56.0) 5
4 53.6-50.0-57.3) 4


































1. For explanation, see materials and methods.
2. The figures represent the mean, the range of variation, and the number of specimens.
























20.2(16.7-25.0) 5*34.0(29.6-42.3) 5 45.3(43.0-46.7) 5 20.2(14.8^5.0
20.8(19.0-23.5) 4 38.4(36.4-42.0) 4 48.2(41.7-50.0) 4 20.0(16.7-^7.8
25.2(23.3-59.6) 5 34.7(28.7-37.5) 5 50.0(45.0-54.6) 5 19.7(16.6-21.7







































5 18.0(10.0-^3.5) 5 
5 27.3(19.0-32.4) 5
5,22.0(15.6-28.5) 5 
2 21.3(17.7-25.0) 2 
10 24.0(13.3-33.3)10 
5 23.3(13.3-26.7) 5
5 24.6(18.2-33.3) 5 
10 23.2(15.4-30.8)10
6 22.4(15.4-30.8) 6 
4 24.0(21.4-28.6) 4 
4 22.7(20.0-25.0) 4
21.0(18.0-22.3) 4 40.7(37.5-47.3) 4 50.3(44.4-57.2) 4 19.6(14.3-23.0) 4 20.0(12.5-23.5) 4
2. The figures represent the mean, the range of variation, and the number of specimens.
3. Anteroposterior length of the muscular portion only.
TABLE III. VARIATION IN RELATIVE WIDTH OF THE CONSTRICTORS VENTRALES 
EXPRESS® AS A PHI CENT OF THE LENGTH OF THE COMPOUND BONE1
Genus Species IA1 & IA2 
origin
lAl & IA2 
insertion
TB1 & TB2 
origin
Natrix 24.6(15.2-33.5)A02 13.0( 8.0-18.5)40 12.6( 7.0-18.0)31
cycloDion 25.7(21.2-23.6) 7 13.0(10.7-14.8) 7 14.0(11.3-18.0) 4
erythroHaster 22.0(16.7-26.0) 4 12.5(11.3-13.5) 4 15.0(13.6-16.7) 2
fasciata 22.7(15.2 27.8) 5 12.8(10.4-16.7) 5 13.3(12.0-14.6) 4
harteri 23.3(21.4-25.0) 4 14.0(12.0-15.0) 4 12.6(10.0-14.3) 4
rhcmbifera 23.2(20.0-26.3) 5 11.0( 8.8-14.8) 5 11.6(10.5-13.2) 3
sinedon 26.5(23.2-29.2) 5 13.6(11.7-15.3) 5 13.0(11.0-14.5) 5
taxisoilota
• 26.7(21.4-32.0) 5 11.7( 8.0-14.0) 5 10.3( 7.0-13.0) 4
valida 27.0(20.5-33.5) 5 15.6(12.0-18.5) 5 11.0(10.0-12.0) 5
Regina 25.0(14.8-38.5)21 12.6( 8.7-19.0)21 12.7( 6.0-18.2)15
alleni 23.2(16.0-29.2) 4 13.0(12.5-13.5) 4 9.3( 6.0-12.5) 3
grahamii 22.7(18.4-26.2) 7 14.3( 8.7-19.0) 7 14.0(10.0-17.4) 5
rigida 25.0(14.8-28.7) 5 11.6(11.0-12.5) 5 14.5(11.5-18.2) 4
sentemvittata 29.0(23.5-38.5) 5 11.6( 9.4-13.4) 5 13.0(11.8-15.0) 3
1. For explanation see materials and methods.
2. The figures represent the mean, the range of variation, and the number of specimens.
TABLE III, (continued)
Genus Species IA1 & IA2 lAl & IA2 TB1 & TB2
origin insertion origin
Thamnophis 30.0(20.0-40.0)832 13.8( 8.4-22.7)83 15.6(10.7-23.0 83
brachjrstoma 31.6(25.0-36.4) 4 15.5(10.8-22.7) 4 18.2(15.0-22.7 4
butleri 33.2(29.2-35.7) 3 14.0( 8.4-18.0) 3 18.0(14.3-23.0 3
chrysocenhalus 31.3(29.0-34.5) 5 14.6(12.5-17.5) 5 15.8(11.0-20.0 5
couchii 28.8(26.0-33.3) 6 14.7(12.2-16.7) 6 15.3(11.0-18.4 6
cyrtoDSis 28.7(23.5-31.3) 5 12.0( 9.0-14.7) 5 14.6(10.7-17.7 5
elegans 25.6(21.0-29.4) 4 11.7(10.4-14.0) 4 14.5(11.8-16.0 4
eques 27.0(23.4-30.8) 5 11.4(10.2-13.5) 5 17.7(15.6-19.2 5
marcianus 26.6(20.0-31.3) 4 11.5(10.5-12.5) 4 17.0(12.5-21.0 4
melanogaster 28.2(23.8-33.3) 5 15.0(11.8-16.7) 5 13.3(11.8-14.3 5
nigronuchalis 31.0(27.8-34.8) 4 15.4(14.0-17.6) 4 15.0(11.0-17.7 4
ordinoides 31.7(25.0-36.4) 5 14.3(10.7-18.8) 5 16.0(13.0-18.8 5
nroximus 33.3(30.0-37.0) 5 15.2(12.5-20.0) 5 15.6(13.3-18.8 5
radix 31.0(29.4-33.3) 4 14.7(11.8-16.7) 4 16.2(11.8-18.8 4
rufiuunctatus 28.3(24.8-33.4) 5 14.5(10.7-20.0) 5 14.5(12.0-18.0 5
2. The figures represent the mean, the range of variation, and the number of specimens.
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TABLE III. (continued)
„ Ukl & IA2 TAl & M2  TB1 & TB2





































































Natrix 21.3(16.0-27.3)A02 23.3(14.0-32.3)42 37.0(22.2-50.0 26 14.7 2.5-21.7)32
cyclonion 21.8(16.0-27.3) 7 24.7(16.2-29.4) 9 39.2(32.3-43.0 3 15.8 14.7-18.0) 5
erythrogaster 22.3(20.8-24.0) 4 22.0(20.0-24.0) 4 41.5(30.4-49.0 4 18.0 13.4-21.7) 4
fasciata 21.0(16.7-26.7) 5 22.8(14.0-31.3) 5 33.0(23.3-41.0 4 14.3 11.0-18.2) 4
harteri 20.6(19.0-23.2) 4 23.6(19.0-30.0) 4 36.0(30.0-42.0 2 9.4 5.0-16.0) 3
rhombifera 21.5(18.5-26.3) 5 25.5(20.6-29.0) 5 32.2(22.2-42.1 2 15.0 13.2-16.7) 3
sit>edon 20.2(16.0-22.2) 5 21.8(16.7-32.4) 5 43.5(38.7-50.0 5 20.0 19.4-20.7) 5
taxisoilota 23.0(21.0-25.8) 5 25.6(20.0-30.3) 5 36.8(34.0-39.0 2 14.6 9.7-18.6) 4
valida 20.2(16.7-25.0) 5 20.5(14.3-25.0) 5 33.0(28.0-36.7 4 11.3 2.5-16.0) 4
Regina 19.0(10.5-33.4)21 19.6( 8.5-33.5)21 42.3(31.4-50.0 16 13.0 7.3-22.7)19
aUeni 12.0(10.5-14.0) 4 9.4( 8.5-13.4) 4 46.0(45.5-46.7 3 16.3 13.3-22.7) 4
grahamii 19.6(13.7-25.0) 7 29.0(21.8-33.4) 7 43.0(36.4-48.0 6 13.4 9.5-18.2) 6
rieida 18.4(17.2-22.2) 5 19.0(14.8-22.7) 5 41.3(34.4-45.5 4 10.4 7.3-15.0) 5
sentonvittata 25.8(18.7-33.4) 5 21.0(15.0-33.5) 5 38.7(31.4-50.0 3 12.0 9.4-16.7) 4










Thamnophis 19.4(15.0-27.3 832 17.5( 9.0-26.7 83 38.6(25.0-56.7)83 18,2( 9.5-26.5 83
brachystoma 18.5(16.7-20.8 4 14.2( 9.0-18.3 4 29.7(26.7-37.5) 4 13.3(10.4-18.2 4
butleri 16.6(15.4-18.0 3 14.7(13.0-16.7 3 34.6(33.4-35.7) 3 20.6(18.0-23.0 3
chrysoceDhalus 20.2(16.7-25.0 5 15.6(12.5-18.7 5 44.8(35.0-50.0) 5 18.4(14.0-20.0 5
couchii 20.0(18.4-25.0 6 18.5(14.2-26.7 6 40.5(33.4-43.4) 6 18.0(14.8-23.8 6
cyrtopsis 19.0(16.7-23.5 5 18.6(14.3-23.5 5 40.2(35.3-47.6) 5 19.0(14.3-23.5 5
elegans 20.7(17.5-23.5 4 23.2(20.0-26.3 4 37.4(31.3-41.2) 4 24.0(17.6-26.3 4
eques 18.7(18.5-19.2 5 21.0(18.5-24.0 5 37.4(28.0-44.5) 5 17.3(15.6-19.2 5
marcianus 17.4(15.8-20.3 4 16.2(14.5-17.5 4 39.2(35.0-47.4) 4 19.0(15.8-21.0 4
melanogaster 21.4(18.7-23.6 5 19.6(18.7-22.4 5 38.6(30.5-50.0) 5 17.5(14.5-22.0 5
nigronuchalis 22.8(20.6-26.5 4 16.6(14.7-17.7 4 37.0(32.6-41.2) 4 22.0(20.6-23.5 4
ordinoides 23.5(18.0-27.4 5 17.7(15.4-19.0 5 40.0(34.8-50.0) 5 17.6(15.6-21.4 5
proximus 17.3(15.6-20.0 5 15.4(13.3-18.2 5 42.7(32.5-50.0) 5 16.4(12.5-19.5 5
radix 19.0(17.7-20.6 4 16.2(14.7-17.7 4 42.0(38.2^4.5) 4 19.0(15.6-26.5 4
rufinunctatus 19.4(16.7-21.4 5 15.0(12.0-18.0 5 38.0( 35.7-41.3) 5 12.4( 9.5-14.3 5







































15.3(13.3-17.6) 5 42.0(32.4-56.7) 5 
21.0(16.7-23.0) 4 37.6(34.6-41.7) 4 
17.2(12.3-23.0) 5 39.0(33.3-46.2) 5 



































2, The figures represent the mean, the range of variation, and the number of specimens.
TABLE 17. VARIATION IN RELATIVE WIDTH OF THE FACIAL MUSCUIATU] 




origin <?C . 3o n g m ^
CC
insertion on raphe
Natrix 36.0(28.2-47.0)422 47.4(16.7-78.8)28 7.3( 2.0-23.5)20
cyclopion 38.4(34.2-45.0) 7 45.1(37.0-52.0) 4 4.0( 2.0- 6.0) 2
erythrogaster 34.8(31.3-37.5) 4 58.0(45.0-78.8) 3 8.0( 4.0-11.5) 2
fasciata 38.7(32.2-47.0) 6 43.0(38.0-52.4) 4 absent 2
harteri 36.4(31.8^1.7) 4 31.8(16.7-53.8) 3 5.0( 3.0- 7.0) 2
rhombifera 35.5(28.2-40.0) 5 52.0(45.0-57.0) 3 7.2( 5.0- 9.5) 2
sipedon 34.4(31.5-37.5) 5 50.0(44.7-54.7) 5 6.5( 0.0^ 8-6). 44
taxispilota 35.0(29.4-^44.0) 6 46.3(45.0-47.6) 2 15.0(13.0-18.5) 2
valida 34.3(29.2-39.0) 5 54.0(47.5-61.0) 4 12.3( 6.0-23.5) 4
Regina 30.0(22.2^45.0)23 50.6(31.3-75.0)17 5.8( 3.5- 8.3)12
alleni 35.2(30.8-^5.0) 5 52,0(36.4-60.0) 5 absent 2
grahamii 29.7(22.2-35.0) 7 50.6(31.3-71,4) 5 6.0( 3.8- 8.3) 4
rigida 25.8(23.3-31.0) 6 47.5(35.7-54.5) 3 4.2( 3.5- 7.5) 4
septanvittata 30.0(30.0-32.4) 5 52.3(41.7-75.0) 4 7.0( 6.5- 7.5) 2
1. For explanation see materials and methods,
2. The figures represent the mean, the range of variation, and the number of specimens.
3. The value of this in Natrix and Regina is not given in the table because of the difficulty in 
taking accurate measurements.









Thamnonhis 33.7(25.0-50.0 83 41.2(26.7-61.0 83 42.3(25.0-60.0 83 5.0( 0.0-11.8)83
brachystoma 43.5(40.0-50.0 4 34.7(30.0-38.0 4 43.4(33.3-52.6 4 4.0( 2.7- 5.0) 4
butleri 37.5(29.2-50.0 3 44.0(42.7-45.0 3 35.5(27.3-40.0 3 4.3( 2.2- 6.3) 3
chrysocenhalus 37.4(33.4-40.0 5 39.2(30.8-50.0 5 39.8(37.5-46.0 5 4.0( 0.0- 4.0) 5
couchii 32.2(28.6-38.0 6 49.6(34.6-6o.O 6 46.6(30.8-60.0 6 absent 6
cyrtopsis 28.7(27.0-30.0 5 48.3(41.0-60.0 5 38.5(27.3-53.6 5 6.8( 5.3- 9.6) 5
elegans 30.8(26.3-35.0 4 48.6( 42*4—56.0 4 49.6(47.7-54.2 4 7.0( 4.8- 9.0) 4
eques 32.0(28.6-34.0 5 42.2(31.0-50.0 5 47.0(41.2-53.0 5 4.7( 0.0- 6 .0) 5
marciams 30.0(26.2-33.3 4 43.8(39.3^48.0 4 44.8(38.5-50.0 4 5.0( 0.0- 5.0) 4
melanosaster 33.6(31.7-37.5 5 39.2(31.8-^5.7 5 41.2(29.2-46.5 5 6.3( 3.4-11.8) 5
nieronuchalis 33.8(33.4-35.0 4 29.2(26.7-31.8 4 43.3(37.5-50.0 4 5.4( 0 .0- 8.6) 4
ordinoides 33.4(30.8-37.5 5 45.0(35.3-61.0 5 42.2(35.3-50.0 5 absent 5
nroximus 33.4(27.3^40.0 5 36.9(33.3^4.4 5 34.3(28.6-36.4 5 5.4( 0.0-5.4) 5
radix 32.0(29.4-37.5 4 40.4(29.2-45.5 4 52.2(50.0-54.6 4 absent 4
ruficunctatus 33.3(30.0-35.7 5 37.2(35.0-40.0 5 42.0(30.0^43.0 5 7.0( 0.0- 8.0) 5
2. The figures represent the mean, the range of variation, and the number of specimens.
TABLE IV. (continued)
Genus Species DM RQ CC CC
bell v origin origin insertion on raphe



























































5.0( 3.7- 7.0) 4 
3.0( 0.0- 3.2) 5 
4.3( 0.0- 5.0) 5
9.7( 8.0-11.7) 5 
6.0( 5.6- 6.7) 2 
6.3( 0.0- 6.3)10 
absent 5 
4.0( 0.0- 8.7) 5 
6.5( 3.0-12.5)10 
7.6( 4.6-12.5) 6 
5.3( 3.0- 8.0) 4 
6.o( 4.8- 7.4) 4 
5.3( 3.7- 9.7) 4
2, The figures represent the mean, the range of variation, and the number of specimens.
TABLE V. VARIATION IN RELATIVE WIDTH OF THE M.CONSTRICTOR COLLI AND CERVICAL 









Natrix 23.6( 9.0-40.5 202 48.4(26.3-69.2)28 26.4(20.0-34.5 21 23.0( 9.0-35.2 20
cyclonion 18.0(14.0-22.0 2 42.6(26.3-65.0) 4 23.0(20.0-26.0 2 20.2(18.0-22.5 '2
erythrogaster 18.0(10.0-26.0 2 55.0(35.0-69.2) 3 28.0(25.0-31.0 2 27.0(24.0-29.0 2
fasciata 19.2(17.7-20.8 2 50.0(39.0-54.8) 4 23.6(20.0-27.0 2 19.0(16.0-21.8 2
harteri 25.0(20.0-30.0 2 40.0(38.5^41.7) 3 27.8(23.5-30.0 2 24.4(22.5-27.0 2
rhcmbifera 30.2(23.5-37.0 2 52.0(45.0-57.2) 3 28.5(25.0-31.0 2 29.6(23.5-33.0 2
sipedon 26.2(15.5-32.7 4 50.5(39.0-62.0) 5 25.0(22.5-26.0 4 17.0(13.5-24.0 4
taxisDilota 34.7(29.0^40.5 2 55.0(47.0-58.0) 2 33.0(30.0-34.5 3 28.0(20.7-35.2 2
valida 18.0( 9.0-28.5 4 42.2(30.8-55.5) 4 22.4(20.7-24.5 4 18.o( 9.0-26.7 4
Regina 18.3(15.0-25.0 14 44.2(30.8-61.0)17 19.7(12.5-32.0 14 16.o( 8.7-23.0 14
alleni 20.3(15.6-25.0 2 44.2(33.3-51.7) 5 20.3(15.6-25.0 2 20.0(18.7-21.7 2
grahamii 19.0(16.6-22.3 6 42.0(32.0-53.2) 5 23.3(18.5-32.0 6 16.8(13.3-23.0 6
rigida 19.0(17.5-23.3 4 50.7(32.2-61.0) 3 22.2(20.0-25.6 4 13.0(12.5-16.3 4
seotemvittata 15.0(15.0-15.2 2 40.0(30.8-54.0) 4 12.8(12.5-13.7 2 14.4( 8.7-20.0 2
1. For explanation see materials and methods.
2. The figures represent the mean, the range of variation, and the number of specimens.
3. This value is the same as NCM3Corigin on hyoid) in all taxa except Natrix and Regina.
TABLE V. ( continued)
Genus Species CC 3 NCM1 





Thamnophis 41.0(19.3-68.8 832 17.2( 8.2-28.6) 83 12.3( 3.7-25.0 83
brachystoma 32.7(24.2-39.0 4 13.0(11.0-16.2) 4 7.4( 5.4- 9.0 4
butleri 42.0(33.3-50.0 3 15.8(14.2-18.8) 3 9.0( 8.7- 9.4 3
chrysoceDhalus 30.6(19.3-41.7 5 11.7( 8.6-14.6) 5 11.3(10.0-14.6 5
couchii 50.0(42.3-60.0 6 21.8(18.0-27.2) 6 14.7(10.0-18.8 6
cyrtopsis 46.8(31.8-60.7 5 16.0(12.0-18.0) 5 16.7(12.8-19.6 5
ele^ans 51.7(45.5-58.3 4 21.3(18.0-27.8) 4 12.7(12.0-14.0 4
eques 54.0(42.0-68.8 5 15.7(12.7-18.3) 5 13.8( 8.6-18.3 5
marcianus 40.5(33.3-48.0 4 16.6(15.0-18.0) 4 10.5( 8.3-16.7 4
melanogaster 39.0(33.3-54.2 5 23.4(15.7-28.6) 5 19.0(17.2-23.5 5
nigronu chali s 31.2(29.2-36.4 4 19.6(14.3-25.7) 4 19.2(14.3-22.6 4
ordinoides 31.5(23.5-39.0 5 17.8(12.0-20.0) 5 7.8( 6.3-10.4 5
nroxiimxs 43.4(31.8-57.2 5 14.2( 8.2-18.0) 5 8.7( 5.0-10.4 5
radix 46.3(41.7-55.6 4 16.7(12.8-21.0) 4 13.0(10.4-15.8 4
rufiuunctatus 36.0(25.0^46.4 5 21.5(18.6-25.0) 5 18.0(11.6-25.0 5
2. The figures represent the mean, the range of variation, and the number of specimens.











sauritus 33.0(33.3-43.5) 52 12.3(10.3-15.2) 5 7.8( 3.7-10.4 5
scalaris 32.3(25.0-50.0) 4 16.4(14.7-20.3) 4 11.0( 8.8-16.2 4
sirtalis 54.4(45.0-60.0) 5 20.0(17.5-22.5) 5 12.7( 9.0-15.0 5
sumichrasti 40.3(28.6-48.0) 5 15.2(15.0-16.0) 5 7.4( 3.8-15.4 5
TroDido clonion
lineatum 26.7( 8.3-40.0) 5 12.2(10.5-13.6) 5 17.8(13.3-22.7 5
Adelonhis foxi 34.7(34.0-35.3) 2 17.6(16.7-18.6) 2 11.5(10.0-13.0 2
Storeria 28.6(21.4-40.0)10 15.4(11.5-19.6)10 8.3( 3.0-13.0 10
dekayi 31.0(26.7-40.0) 5 13.3(11.5-14.3) 5 8.6( 5.7-H.5 5
occinitomaculata 26.0(21.4-28.6) 5 17.5(15.8-19.6) 5 8.0( 3.0-13.0 5
Virginia 37.8(21.4-50.0)10 15.7(12.0-22.7)10 11.0( 6.7-14.6 10
striatula 31.0(21.4-43.0) 6 14.4(12.0-18.2) 6 12.o( 7.8-14.6 6
valeriae 44.6(43.0-50.0) 4 17.0(14.0-22.7) 4 10.o( 6.7-13.6 4
Seminatrix pygaea 44.4(30.6-50.0) 4 15.2(13.0-18.0) 4 13.0( 7.4-18.0 4
ClonoDhis kirtlandii 32.2(25.0^43.0) 4 16.0(14.8-17.8) 4 11.5(10.0-13.0 4
2. The figures represent the mean, the range of variation, and the number of specimens.
3. This value is the same as NCM3(origin on hyoid) in all taxa except Natrix and Regina.
APPENDIX B
Discussion on allometric variation, and the tables 
showing the relative width of cranial muscles 




To test if the proportional differences in head muscles between 
the genera might be due to age or size differences of the specimens 
examined, I dissected two juveniles each of Natrix.rhombifera, Regina 
grahamii, and Thamnophis radix, and three j uveniles each of Thamno- 
phis proximus and Adelophis foxi. I found that the intergeneric 
differences in cranial muscles noted in the adults are also present 
in juveniles. This suggests that the proportional differences in 
cranial musculature do not simply reflect the size of the animal.
A comparison of the relative width of the various cranial muscles 
of juveniles and adults (Table, VI) reveals the existence of 
ontogenetic variation.
According to Balinsky (1965), two organs or parts thereof can 
grow either proportionally (isometrically) or disproportionally 
(allometrically), the relative size of the two organs or parts 
changing-as embryonic .or postembryonlc growth proceeds.
If a muscle grows at quicker pace than the skeletal structure 
to which it is attached, that muscle is said to be positively allo­
metric to that portion of the skeleton. As the animal grows each 
muscle widens considerably and at a more rapid rate than the associ­
ated skeletal parts expand. Consequently the relative width of a
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juvenile's muscles Is less than that of an adult. Some noteworthy 
examples of positively allometric muscles in the different natricine 
species examined are: (1) M. add. ext. profundus, origin from the
quadrate —  Natrix rhombifera, Regina grahamii, and Thamnophis radix; 
(2) M. add. ext. profundus, insertion on the mandible —  Thamnophis 
proximus; (3) M. add. post, superficialis, and profundus, origin 
from the quadrate —  T. proximus; (4) M. protractor quadrati, origin 
from the basioccipital —  T. radix; (5) M. levator pterygoidei, inser 
tion on the pterygoid —  N. rhombifera, R. grahamii, and T. proximus;
(6) M. retractor pterygoidei, insertion on the palatine —  T. radix;
(7) M. depressor mandibulae, origin —  T. radix, and N. rhombifera;
(8) M. retractor quadrati, origin from the neural spines of the neck 
vertebrae —  N. rhombifera, R. grahamii, and T. radix; (9) M. neuro- 
costo-mandibularis, origin of the vertebral head from the dorsal 
neural spines —  T_. proximus, and ]T. radix.
If a muscle grows at a slower pace than its related skeletal 
attachment, the muscle is said to be negatively allometric. In this 
case the relative width of a juvenile's muscle is greater than that 
of an adult. Some examples of negatively allometric muscles are:
(1) M. add. ext. superficlalis, insertion on the mandible —  R. 
grahamii; (2) M. add. ext. medialis, insertion on the mandible —  
rhombifera, and R. grahamii; (3) M. add. ext. profundus, insertion 
on the mandible —  N. rhombifera, T. radix, and Adelophis foxi; (4)
M. add. post, superficialis, and profundus, insertion on the mandible- 
A* foxi; (5) M. depressor mandibulae, origin —  R. grahamii; (6) M.
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Intermand. anterior: pars anterior, and pars posterior, origin on
the mandibular raphe —  N. rhombifera, and R. grahamii; (7) M. 
intermand. post: pars posterior, origin from the mandibular raphe —
N. rhombifera; (8) M. constrictor colli, origin —  R. grahamii.
The above lists and the tables indicate certain generalizations. 
The origin of M. depressor mandibulae, and the insertion of the M. 
add. ext. profundus can be either positively or negatively allometric 
in different species. The majority of the cranial muscles in Natrix 
and Regina grow isometrically, but in Thamnophis and Adelophis more 
muscles grow allometrically than isometrically. Thamnophis proximus 
has more positively allometric than negatively allometric muscles.
In T. radix, and Adelophis foxi there are approximately equal numbers 
of positively and negatively allometric muscles.
A radical allometric change was noted in the M. pseudotemporalis 
of Adelophis, and Thamnophis. It seems that in Adelophis foxi the 
anterior part of the parietal bone grows faster than the posterior 
part, and the origin of the M. pseudotemporalis from the parietal 
is shifted posteriorly. In Thamnophis, on the other hand, the origin 
of this muscle is shifted anteriorly inasmuchas the posterior part of 
the parietal bone expands faster than the anterior part.
TABLE VI. VARIATION IN REIATIVE WIDTH, OF CRANIAL MUSCLE EXPRESSED AS A PER CENT 
OF VARIOUS SKULL DIMENSIONS IN JUVMILE AND ADULT
„ _ Natrix rhombifera Natrix rhombifera Regina grahamii Regina grahamii







































































PTsA.y origin 32.0(30.8-33.4)2 
API & AP2., belly 25.6(20.0-31.3)2 





1. For explanation see materials and methods. 2. The figures represent the mean, the range of
variation, and the number of specimens.
TABLE VI. ( continued)
thamnophis radix 
.juvenile adult











API & AP2., belly 







































































2. The figures represent the mean, the range of variation, and the number of specimens.
TABLE VI. ( continued)
Muscles AdeloDhis foxi
juvenile adult
AEL., origin 20.8(l7.5-25.0)32 19.6(15.6-23.5)2
AEi., insertion 30.7(26.3-35.3)3 29.8(19.6-40.0)2
AE2,, origin 31.4(28.6-33.4)3 27.3(26.5-28.0)2
AE2., belly 34.0(33.4-34.3)3 30.0(25.0-35.0)2
AE3., belly 76.5(66.7-85.7)3 69.5(64.0-75.0)2
AE3., origin 44.3(31.4-51.4)3 45.0(40.0-50.0)2
AE3., insertion 36.0(35.3-37.5)3 37.4(34.8^*0.0)2
PTsA., origin 35.4(34.7-35.7)3 38.0(36.0-40.0)2
API & AP2., belly 45.0(34.2-58.4)3 38.8(37.5-^0.0)2
API & Ap2,, origin 40.0(28.5-50.0)3 42.5(35.0-50.0)2
Pts., length 68.3(64.3-71.4)3 70.8(66.7-75.0)2
Pts., belly 18.0(14.3-22.6)3 15.2(11.0-20.0)2
PQ., origin 22.2(18.5-25.0)3 18.0(12.5-23.5)2
PPt., insertion 39.0(35.7*^1.4)3 36.7(33.3^0.0)2
IPt., insertion kt>. 5(45.7-47.2)3 47.2(44.5-50.0)2
EPt., insertion 22.3(18.6-26.6)3 23.3(16.7-30.0)2
2. The figures represent the mean, the range of variation and the
number of specimens.
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TABLE VI. ( continued)







HV., length 20.2(15.4-25.0)2 22.0(17.6-25.0)5
IA1 & lA2,origin 34.0(31.3-36.7)2 23.2(20.0-26.3)5 
IA1 & IA2., insertion 16.2(15.6-16.7)2 11.0( 8.8-14.8)5 








insertion(hyoid) 32.4(30.0-34.8)2 30.2(23.5-37.0)2 
insertion(raphe) absent 7.2( 5.0- 9.5)2
NCM1., origin 40.5(40.0^4L.0)2 52.0(45.0-57.2)3
NCM3., origin(hyoid) 32.4(30.0-34.8)2 28.5(25.0-31.0)2  





























2. The figures represent the mean, the range of variation, and the number of specimens.
3. The value of this in Natrix rhombifera( adult) is not given in the table because of the difficulty 
in taking accurate measurement.
TABLE VI. (continued)







10.2( 8.4-12.5)3 15.2(12.5-20.0)5 
14.4(11.5-16.7)3 15.6(13.3-18.8)5 
15.7(15.0-16.7)3 17.3(15.6-20.0)5 






12.3(12.2-12.5)3 14.2( 8.2-18.0)5 
3.2( 0.0- 3.2)3 5.4( 0.0- 5.4)5
29.0(27.8-31.3)3 43.4(31.8-57.2)5 
12.3(12.2-12.5)3 14.2( 8.2-18.0)5 
8.6( 6.8- 9.7)3 8.7( 5.0-10.4)5
RV., length
IA1 & IA2.,origin
IA1 & IA2., insertion








CO., insertion on hyoid 
CC.f insertion on raphe 
NCM1., origin 
NCM3.| origin on hyoid 

















2. The figures represent the mean, the range of variation, and the number of specimens.
324




HV., length 2l.5(20.0-23.0)32 21.3(17.7-25.0)2
IA1 & JA2., origin 30.0(29.4-31.2)3 32.7(30.4-35.0)2
Jhl & IA2., insertion 16.0(13.0-17.7)3 16.2(15.0-17.4)2
TB1 & TB2,, origin 12.0(11.7-12.5)3 13.0(11.0-15.0)2
IPI,, origin 22.0(20.5-25.0)3 18.7(17.4-20.0)2
IPI., insertion 20.0(12.5-23.5)3 19.8(19.6-20.0)2
IP2., origin 33.2(31.7-36.2)3 30.2(30.0-30.4)2
IP2., insertion 19.6(17.7-21.2)3 18.7(17.4-20.0)2
DM., belly 61.3(57.2-66.7)3 61.3(60.0-62.3)2
EQ., origin 31.4(30.0-33.4)3 36.4(35.3-37.5)2
CC,, origin 52.2(50.0-53.8)3 48.5(47.0-50.0)2
CC,, insertion on hyoid 16.3(13.6-21.7)3 17.6(16.7-18.5)2
CC,, insertion on raphe 4.0( 4.0- 4.0)3 6.o( 5.6- 6.7)2
NCM1., origin 30.0(24.3-33.4)3 34.7(34.0-35.3)2
NCM3., origin on hyoid 16.3(13.6-21.7)3 17.6(16.7-18.6)2
NCM3»j origin on raphe 10.0( 8.7-11.4)3 11.5(10.0-13.0)2
2. The figures represent the mean, the range df variation, and the
number of specimens.
APPENDIX C
Table showing the distribution of 24 characters among 
some Old World natricine snakes.
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TAB IE C. DISTRIBUTION OF 2^ CHARACTERS AMONG SOME OID WORID NATRICINE SNAKES.
Characters* 1 2 3 4 5 6
Xenochronhis niscator P P P P P P
Natrix annularis P,A P A
>
P P P
Natrix nercarinata P,A P P,A P A A
Natrix natrix A P P,A P A P
Natrix tessellata A P P,A P A P
Anrohiesma stolata A P A P P P
Rhabdonhis tigrinus Al Al A P P P
7 8 9 10 11 12
Xenochronhis niscator P P P P P P
Natrix annularis P P,A P P P P
Natrix nercarinata P P,A A P P P
Natrix natrix P P P . P P P
Natrix tessellata P P P P P P
Amnhiesama stolata P P P P P P
Rhabdonhis tigrinus P P P P P P
* Characters as numbered under the heading "evaluation of character states'1, A= advanced state, 
Al, A2= different advanced states, P= primitive state, PI, P2= different primitive states.
TAB IE C.(continued)
Characters* 13 14 1*
, , . T 6 - '17.... IB ' ----
Xenochronhis niscator P P P P P P
Natrix annularis P P A P P,A P
Natrix nercarinata P P A P P»A P
Natrix natrix P P P P P A
Natrix tessellata P P P P P A
Amnhiesma stolata P A P P P,A A
Bhabdonhis tigrinus P P P P P A
19 20 21 22 23 24
Xenochronhis niscator P P P P P P
Natrix annularis P P P A P P
Natrix nercarinata P P P A P A
Natrix natrix P PI P A A A
Natrix tessellata P PI P P A P
Amnhiesma stolata P PI P P Al A
Bhabdonhis tigrinus P PI P P Al A
* Characters as numbered under the heading "evaluation of character states". A= advanced state,
Al, A2= different advanced states, P= primitive state, PI, P2= different primitive states.
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